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ABSTRACT
Design O p tim iza t io n  and E v a lu a t io n  o f  I n t e g r a t in g  Sound Level M eters
J  M Holding
P rev io u s  work has  shown t h a t  th e  r i s k  o f  h e a r in g  lo s s  i s  r e l a t e d  t o  th e  
cum ula tive  sound energy  r e c e iv e d  by th e  e a r .  The in s t ru m e n t  which 
computes a measure o f  t h i s  param eter  i s  an i n t e g r a t i n g  sound l e v e l  meter 
(ISLM). Optimum d es ig n  r e q u ire m e n ts  f o r  ISLMs which meet a v a r i e t y  of 
demanding s p e c i f i c a t i o n s  have been d e te rm in e d .  E v a lu a t io n  p ro ced u res  
have been proposed and th e  n e c e s s a ry  s p e c i a l i z e d  tone  b u r s t  s ig n a l  
so u rc e s  have been d es ig n e d .  An e a r l y  su rvey  o f  in s t ru m e n ts  which were 
a v a i l a b l e  r e v e a le d  s e r io u s  sho rtcom ings  in  . t h e i r  a b i l i t y  to
i n t e g r a t e  a c c u r a te l y  a t y p i c a l  im pu ls ive  s i g n a l .  The aim o f  t h i s  work 
was to  de te rm ine  and c r i t i c a l l y  e v a lu a te  th e  l i m i t i n g  mechanism, and to  
s u b se q u e n tly  i n v e s t i g a t e  des ign  s t r a t e g i e s  le a d in g  t o  h igh  perform ance 
in s t ru m e n ts .  Techniques fo r  e x te n d in g  th e  perform ance of s e v e r a l  
s ta n d a rd  c i r c u i t s  have been deve loped .  In  a d d i t i o n ,  a nove l method f o r  
s t o r i n g  d a ta  in  analogue and d i g i t a l  form and su b se q u e n t ly  r e c o v e r in g  a 
co n t in u o u s  o u tp u t  has been developed  and i s  f u l l y  d e s c r ib e d .  
Combinations of an a lo g u e ,  random lo g i c  and m ic ro p ro c e sso r -b a se d  
te c h n iq u e s  have been i n v e s t i g a t e d .  Complete in s t ru m e n ts  which u t i l i z e  
d i f f e r e n t  com binations  have been des igned  and e v a lu a te d .  The optimum 
performance fo r  an in s t ru m e n t  which meets th e  h ig h e s t  s p e c i f i c a t i o n  i s  
shown to  be ach ieved  by th e  use  o f  analogue te c h n iq u e s  f o r  t h e  m a jo r i ty  
of the  s ig n a l  p ro c e s s in g ,  w ith  a com bination  o f  random l o g i c  and 
m ic ro p ro c e sso r -b a se d  te c h n iq u e s  f o r  c o n t r o l  and d a ta  s t o r a g e .
( i i )
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CHAPTER ONE
INTRODUCTION
An in c r e a s in g  aw areness o f  the  r i s k  o f  h e a r in g  damage due t o  n o is e  has 
encouraged r e s e a r c h  in t o  th e  mechanism of h e a r in g  l o s s .  I t  i s  now 
g e n e r a l ly  a c c ep ted  t h a t  th e  degree  o f  h e a r in g  im pairment i s  a f u n c t io n  
of th e  d u r a t io n  of th e  exposure  as  w e l l  as th e  l e v e l .
The concep t o f  an E q u iv a le n t  Continuous Sound L ev e l ,  L was in t ro d u c e d  
in  th e  1 9 5 0 's  a f t e r  anim al and human experim en ts  showed t h a t  th e  same 
degree  o f  h e a r in g  damage cou ld  be o b ta in e d  by d o u b lin g  th e  sound 
i n t e n s i t y  and h a lv in g  th e  sound exposure  or v ic e  v e r s a .  The concep t of 
th e  e q u iv a le n t  con t inuous  sound l e v e l  i s  to  im part th e  same amount of 
energy to  th e  e a r  as th e  im p u ls iv e  or v a ry in g  sounds which a c t u a l l y  
o c c u r ,  over a g iven tim e i n t e r v a l .
Le q i s  th e r e f o r e  d e f in e d  a s  th e  mean-value o f  the  sound i n t e n s i t y  w ith  
r e s p e c t  t o  t im e , ex p re s se d  in  d e c ib e l s :
The u n re fe re n c e d  i n t e g r a l  r e p r e s e n t s  th e  energy  c o n te n t  o f  th e  sound and
( p a s c a l ) 2 hou rs .
The r e f e r e n c e d  i n t e g r a l  can a l s o  be logged  on i t s  own and has th e  
s p e c i a l  name of sound ex p o su re .
Lgq 10 l o g l 0
where T i s  th e  measurement d u r a t i o n  in  seconds
P i s  the  in s ta n ta n e o u s  sound p re s s u re  in  p a s c a l s
P 0 i s  th e  r e f e r e n c e  sound p re s s u re  hav ing  an r . m . s .  v a lu e  of
2 x 10“ 5 p a sc a l
r T
i s  c a l l e d  th e  dose (Dose = P2( t ) d t ) .  This  i s  u s u a l l y  e x p re s s e d  in
1
r T
Sound Exposure = 10 l o g 10 L l l t i .  d t
0 J p o
Sound Exposure (SE) can t h e r e f o r e  be r e l a t e d  sim ply t o  Le q :
SE “ Leq + 10 l o Sio T
I t  can be seen from t h i s  t h a t  sound exposure  and L a r e  i d e n t i c a l  when“ m
th e  measurement d u r a t io n  i s  one second.
The p r i n c i p a l  advantage o f  an i n t e g r a t i n g  sound l e v e l  meter (ISLM) 
compared to  a c o n v e n t io n a l  sound l e v e l  meter (SLM) i s  i t s  a b i l i t y  to  
average s t o c h a s t i c  sound s i g n a l s  of wide v a r ia n c e  over long  tim e 
p e r io d s .  I f  th e  n o ise  p r o f i l e  were t o  c o n s i s t  of s e v e r a l  d i f f e r e n t ,  bu t 
c o n s t a n t ,  l e v e l s ,  th e  L0q cou ld  be de term ined  u s in g  a c o n v e n t io n a l  SLM 
and s topw atch  te c h n iq u e .  However, n o is e  so u rces  such as  a re  commonly 
found in  in d u s t r y ,  o f te n  c o n ta in  im pu ls ive  o r  s h o r t  b u r s t s  of h igh  
i n t e n s i t y  sound. A p r a c t i c a l  ISLM must th e r e f o r e  be c a p a b le  of 
i n t e g r a t i n g  over a wide space o f  s ig n a l  l e v e l s ,  and over a wide ran g e  o f  
measurement p e r io d s .
The aim of t h i s  r e s e a r c h  was f i r s t l y  t o  i n v e s t i g a t e  and a s s e s s  v a r io u s  
t e c h n iq u e s  f o r  th e  measurement o f  L0q and th u s  to  develop  e v a l u a t i o n  
p rocedu res  and s t a n d a r d s .  Follow ing t h i s ,  an o p tim iz ed  d es ig n  f o r  an 
ISLM cap ab le  of accommodating th e  range  of s i g n a l s  found in  an 
i n d u s t r i a l  env ironm ent,  was to  be u n d e r ta k e n .
I t  was a n t i c i p a t e d  t h a t  th e  measurement te c h n iq u e s  would i n i t i a l l y  
c a p i t a l i z e  on th e  analogue d es ign  ex p e r ien ce  o f  the  c o l l a b o r a t i n g  body, 
and t h a t  th e  work would develop  n a t u r a l l y  th rough  th e  use of h y b r id  
t e c h n iq u e s ,  to  cu lm ina te  in  th e  d es ign  o f  a m ic ro p ro c e s s o r -b a se d  d i g i t a l  
in s tru m en t  as  th e  f i n a l  phase o f  th e  PhD programme. The work was
2
u n d er tak en  fo l lo w in g  t h i s  i n i t i a l  p la n ,  however th e  v a lu e  and subsequen t 
e f f e c t  on in s t ru m e n t  performance o f  th e  o p tim iz ed  analogue s t a g e s  was 




In  o rd e r  to  d e f in e  and a s s e s s  c o r r e c t l y  th e  p r o p e r t i e s  o f  an i n t e g r a t i n g  
sound l e v e l  meter one must have some knowledge o f  th e  ph y s io lo g y  o f  the  
h e a r in g  p ro cess  and th e  mechanisms le a d in g  to  h e a r in g  l o s s .  A summary 
o f  b a s ic  anatomy and p h y s ic a l  p r o p e r t i e s  i s  fo llow ed  by a d e s c r i p t i o n  o f  
normal and n o is e - in d u c e d  h e a r in g  l o s s .  Evidence from r e s e a r c h e r s  
perfo rm ing  experim en ts  on an im als  to g e th e r  w i th  a number of government 
r e p o r t s  i s  used t o  su p p o r t  th e  Equal Energy H y p o th es is .  T h is  h y p o th e s i s  
forms th e  b a s ic  j u s t i f i c a t i o n  o f  th e  need f o r  an i n t e g r a t i n g  sound l e v e l  
m e te r .
2.1 In trodu ction
The c o n s t i t u e n t  e lem ents  of the  a u d i to ry  system  perform  the  
t r a n s l a t i o n  from th e  p re s s u re  v a r i a t i o n s  o f  th e  sounds r e a c h in g  th e  
ea r  i n t o  th e  nerve  s i g n a l s  w i th in  th e  b r a in .  The o u te r  and m iddle
e a r  am plify  th e  a i r - b o r n e  p re s s u re  v a r i a t i o n s  and couple  them to  
th e  f l u i d  o f  the  in n e r  e a r .
The s t r u c t u r e s  o f  the  in n e r  ea r  perform  freq u en cy  a n a l y s i s  on th e s e  
v i b r a t i o n  s ig n a l s  and pass  n e rv e  im pulses  v ia  th e  c o c h le a r  n e rv e  
f i b r e s  to  th e  a u d i to ry  r e c e p t iv e  c e n t r e s  o f  th e  b r a i n .
The c o n s t r u c t io n  of  th e  e a r  i s  such t h a t  th e  i n t e r n a l  background 
sou rces  o f  n o is e  a re  r e a s o n a b ly  w e ll  r e j e c t e d ,  a l lo w in g  th e  e a r  t o  
have a p a r t i c u l a r l y  h igh  s e n s i t i v i t y  t o  e x t e r n a l  sound s i g n a l s .
4
2 .2  Anatomy o f  th e  Ear
The a c o u s t i c  p r e s s u re  v a r i a t i o n s  im pinging on th e  o u te r  ea r  or 
pinna (F ig u re  2 . 1 )  a re  s c a t t e r e d  o r  fo c u s se d ,  depending upon 
w ave leng th , i n t o  th e  a u d i to r y  c a n a l  or m eatus . The meatus i s  a
s l i g h t l y  ta p e re d  horn which h e lp s  match th e  impedance of th e
ea r  drum or tym panic membrance t o  th e  f r e e  f i e l d .  A t y p i c a l  le n g th  
f o r  th e  meatus i s  25 mm which a c c o u n ts  f o r  th e  l i g h t l y  damped 
resonance  a t  about 3 kHz. The resonance  produces an in c r e a s e  o f  up
to  10 dB over a f a i r l y  broad ran g e  o f  f r e q u e n c ie s  c e n t r e d  around
3 kHz. This  rough ly  co rresp o n d s  w ith  th e  im p o r tan t  consonant 
sounds in  human speech  and i s  t h e r e f o r e  of some b e n e f i t .
In  o r d in a r y c o n v e r s a t io n  th e  d isp lacem en to f  the  tym panic membrane i s  
about 10“ 10 m, i e  th e  d iam ete r  of a hydrogen m o lecu le .  T h is  
d isp lacem en t i s  a m p l i f ie d  by t h r e e  o s s i c l e s :  th e  m a l le u s ,  in c u s  and 
s ta p e s  (F ig u re  2 . 1 ) .  The dim ensions and p h y s ic a l  arrangem ent of 
th o se  bones i s  such t h a t  an in c r e a s e  in  t h r u s t  by a f a c t o r  o f  about
1 .3  r e s u l t s .  The s ta p e s  and a s s o c ia t e d  l ig a m e n ts  form th e  o v a l  
window to  th e  co ch lea  o f  th e  in n e r  ea r  (F ig u re  2 . 1 ) .  As th e  a re a  
of th e  o va l window i s  s m a l le r  th a n  t h a t  o f  th e  tym panic membrane, 
th e  a c t u a l  p r e s s u re  a t  th e  fo o t  o f  th e  s ta p e s  i s  f u r t h e r  in c re a s e d  
to  about 25 dB above th e  r e c e iv e d  p re s s u re  l e v e l .  T h is  v i r t u a l l y  
compensates fo r  th e  t h e o r e t i c a l  l o s s  due t o  th e  t r a n s f e r  from a i r  
p r e s s u re  t o  th e  f l u i d  p r e s s u re  o f  th e  in n e r  e a r .
Although th e  o s s i c l e s  on ly  p rov ide  a f a i r l y  modest in c r e a s e  in  
p r e s s u r e ,  th e r e  a re  a number o f  ad v an tag es  in  t h i s  seem ing ly  o v e r ­
complex a r ran g em en t.  F i r s t l y ,  th e  asym m etrica l a rrangem ent o f  th e  
m a lleus  and incus  c o n t r i b u t e s  t o  th e  r e j e c t i o n  of bone conducted  
s i g n a l s ,  th u s  improving th e  b a s ic  system  n o is e  l e v e l .  Secondly ,
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t h e  r e s t r i c t i o n  o f  th e  bones t o  v e ry  sm all  am plitude  d isp la c e m e n ts ,  
which i s  p o s s ib le  w ith  t h i s  a rrangem ent,  h e lp s  minimize non- 
l i n e a r i t i e s  and f i n a l l y ,  th e  p resen ce  o f  t h r e e  bones a l low s th e  
in c lu s io n  o f  a p r o t e c t iv e  o v e r lo a d .d e v ic e  t o  l i m i t  damage t o  th e  
h e a r in g  mechanism. T his  o v e r lo a d  p r o te c t io n  a r i s e s  due to  a change 
in  v ib r a t i o n  mode o f  the  o s s i c l e s  f o r  ve ry  in t e n s e  sounds 
(> 140 dB). A second p r o t e c t i v e  dev ice  w i th in  th e  middle e a r  
c o n s i s t s  of two sm all  m uscles which draw th e  tym panic membrane 
inwards and th e  s ta p e s  ou tw ards . These m uscles a re  no rm ally  
s t im u la te d  by r e f l e x  a c t i o n  t o  sounds o f  > 90 dB which l a s t  f o r  
lo n g e r  than  10 ms. The e f f e c t  o f  th e s e  m uscles  i s  t o  red u ce  low 
and medium freq u en cy  sounds by 30 dB.
The in n e r  e a r  i s  a system  o f  l i q u i d  f i l l e d  c a n a l s ,  p r o te c te d  both 
m ech an ica lly  and a c o u s t i c a l l y  by being  in  th e  tem pora l bone o f  th e  
s k u l l .  The co ch lea  i s  th e  p a r t  of th e  in n e r  e a r  which c o n t r i b u t e s  
to  th e  h e a r in g  p ro c e s s .  I t  i s  a hollow  c o i l  o f  bone f i l l e d  w ith  
l i q u i d .  I t  has a t o t a l  l e n g th  o f  about 40 mm and i s  d iv id e d  a long  
i t s  le n g th  by th e  b a s i l a r  membrane a p a r t  from a sm all  gap a t  th e  
end known as th e  h e l ic o t r e m a .  The two main d i v i s i o n s  o f th e  c a n a l  
a re  c a l l e d  th e  s c a l a  v e s t i b u l i  and s c a l a  tym pani. The o v a l  window 
in  th e  w a l l  o f  th e  l a t t e r  and th e  round window in  th e  w a l l  o f  th e  
fo rm er .  About 24000 nerve  end ings  te rm in a te  in  h a i r  c e l l s  embedded 
w i th in  th e  b a s i l a r  membrane. These h a i r  c e l l s  a r e  r e s p o n s i b l e  f o r  
th e  frequency  a n a l y s i s  o f  th e  v i b r a t i o n  s i g n a l .  The p a r t i c u l a r  
mechanism of th e  t r a n s f o r m a t io n  from v i b r a t i o n  energy  to  n e rv e  
im pulse i s  th e  s u b je c t  of d eb a te  beyond th e  scope o f  t h i s  t h e s i s .  
I n te n s e  sounds can damage or d e s t ro y  any o f  th e  moving p a r t s  o f  th e  
e a r ,  bu t when h e a r in g  damage r e s u l t s  from pro longed  ex p o su re  t o
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h igh  l e v e l s  of n o i s e ,  i t  i s  g e n e r a l ly  th e  h a i r  c e l l s  t h a t  a r e  
damaged.
C h a r a c te r is t ic s  o f  Normal Hearing
O to lo g ic a l ly  normal s u b je c t s  have an am plitude  h e a r in g  range  o f  
about 140 dB from th e  th r e s h o l d  of h e a r in g ,  which i s  20 pPa a t  
1 kHz, up t o  th e  t h r e s h o ld  o f  pa in  where in s ta n ta n e o u s  damage o r  
a c o u s t i c  traum a can r e s u l t .  The ran g e  o f  f r e q u e n c ie s  which can be 
d e te c te d  by th e  e a r  i s  rou g h ly  20 Hz t o  20 kHz. The e a r  i s  non­
l i n e a r  in  bo th  am plitude  and f requency  s e n s i t i v i t y ;  t h e r e  i s  
app ro x im a te ly  70 dB d i f f e r e n c e  in  th e  t h r e s h o ld  o f  h e a r in g  between 
3 kHz and 20 Hz. As th e  l e v e l  in c r e a s e s  th e  bandwidth of th e  e a r  
g e n e r a l l y  i n c r e a s e s .  The th r e s h o ld  o f  h e a r in g  f o r  normal s u b j e c t s  
i s  shown in  F igu re  2 .2 .
In  th e  midband r e g io n ,  where th e  e a r  i s  most s e n s i t i v e ,  th e  minimum 
d e t e c t a b l e  sound p r e s s u re  i s  o n ly  j u s t  g r e a t e r  th a n  th e  p r e s s u re  
v a r i a t i o n  due to  th e rm al a g i t a t i o n  o f  the  a i r  m o le c u le s .  This  
p ro v id es  a n o is e  f l o o r  f o r  any h e a r in g  mechanism. Animals who can 
h ea r  more than  humans th e r e f o r e  do so  as a r e s u l t  of g r e a t e r  
bandw idth.
A s i g n i f i c a n t  problem in  a s s e s s in g  c h a r a c t e r i s t i c s  of h e a r in g  i s  
r e l a t i n g  o b j e c t i v e  measurements t o  s u b j e c t i v e  r e s p o n s e s .  A ttem pts  
a t  o b ta in in g  o b je c t iv e  re sp o n s e s  a re  d is c u s s e d  l a t e r ,  b u t  th e  
te c h n iq u e s  used a re  g e n e r a l ly  h ig h ly  in v a s iv e  in  n a tu r e  and a re  
hence o f te n  used on ly  in  anim al e x p e r im en ts .
As d is c u s se d  e a r l i e r ,  th e  h e a r in g  p ro c e ss  i s  ex t re m e ly  complex, and 
not f u l l y  u n d e rs to o d ,  b u t  some o f  th e  phenomena o f  h e a r in g  a r e  o f
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FIGURE 2 .2  T hresho ld  o f  H earing  f o r  Normal S u b je c ts
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p a r t i c u l a r  im portance  when d e s ig n in g  a m easuring  in s t ru m e n t  which 
i s  e s s e n t i a l l y  t r y i n g  t o  s im u la te  th e  re sp o n se  o f  th e  human e a r .  
The i n t e n s i t y  of a sound i s  a p r e c i s e  p h y s ic a l  q u a n t i t y ,  cap a b le  of 
b e in g  d e f in e d  a n a l y t i c a l l y  and measured p r a c t i c a l l y .  The 
s u b je c t iv e  re sp o n s e  t o  i n t e n s i t y ,  which i s  lo u d n e ss ,  i s  a f u n c t io n  
of f req u en cy  as  w e ll  as  i n t e n s i t y .  Equal lo u d n ess  l e v e l  c o n to u rs  
a r e  shown in  F igu re  2 .3  .
The f requency  s e l e c t i v e  h a i r  c e l l  p ro cess  in  th e  b a s i l a r  membrane 
has c r i t i c a l  bandwidths a s s o c ia t e d  w ith  i t s  o p e r a t io n .  T h is  means 
t h a t  over a narrow bandwidth o f  in p u t  f r e q u e n c ie s ,  e x a c t ly  th e  same 
ne rv e  s t im u la t io n  w i l l  r e s u l t  from a p a r t i c u l a r  in p u t  l e v e l .  
F u r th e r ,  i f  an in p u t  s i g n a l  s t im u la t e s  a number o f  h a i r  c e l l s ,  i e  
i t  has g r e a t e r  th a n  th e  c r i t i c a l  bandw idth , th e  lo u d n e ss  i s  g r e a t e r  
than  i f  th e  sound i n t e n s i t y  were a l l  w i th in  th e  c r i t i c a l  bandw idth . 
T h is  f requency  w e ig h t in g  i s  a l s o  l e v e l  dependan t.
The equa l  lo u d n ess  c o n to u rs  o f  F ig u re  2 .3  do no t r e p r e s e n t  a t r u e  
loudness  s c a l e ,  ie  equa l  in c rem en ts  i n  lo u d n ess  l e v e l  do no t
co rrespond  to  equal inc rem en ts  in  s u b j e c t i v e  lo u d n e s s .  One t r u e  
loudness  s c a le  has been de term ined  by F le tc h e r  [1 ]  u s in g  th e
assum ption  t h a t  pure to n e s ,  o f  equa l lo u d n e ss ,  which s t im u la t e  
d i f f e r e n t  p o r t io n s  of th e  b a s i l a r  membrane would have an a d d i t i v e  
e f f e c t .  The p e rc e iv e d  lo u d n ess  o f  two such to n e s  a c t in g  a t  once i s  
tak en  as tw ic e  t h a t  o f  each  in d iv id u a l  component. The r e s u l t  of 
F l e t c h e r ' s  experim en ts  i s  an e m p ir ic a l  r e l a t i o n s h i p  between 
lo u d n e ss  l e v e l  in  phons and lo u d n e ss  in  so n es .  The sone i s  th e  u n i t
of loudness  which i s  d e f in e d  a s  be ing  th e  lou d n ess  o f  a 1 kHz to n e
of MO dB i n t e n s i t y  l e v e l .  T h is  i s  eq u a l  t o  th e  lo u d n e ss  of any 
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FIGURE 2 .3  Equal Loudness Level Contours
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th e  c o n c lu s io n s  o f  F l e t c h e r ' s  work i s  shown in  in  F igu re  2 .4 .  The 
curve i s  r e p r e s e n t e d  by th e  fo l lo w in g  e q u a t io n :
lo g  L = 0 .033  (LL -  40)
= 0.033 LL -  1.32 (2 .1 )
where L i s  th e  lo u d n e ss  i n  sones
LL i s  the  lou d n ess  l e v e l  in  phons
For a 1 kHz pure  to n e  th e  lo u d n e ss  l e v e l  in  phons i s  n u m e r ic a l ly  
equal to  th e  i n t e n s i t y  l e v e l  in  dB:
LL = 1 0 log  —T o
where I  i s  th e  i n t e n s i t y  in  Wm” 2
I 0 i s  th e  r e f e r e n c e  i n t e n s i t y  o f  10“ 12 Wm“ 2 
T h e re fo re ,
LL = 10 lo g  I  + 120
S u b s t i t u t i n g  t h i s  va lue  o f  LL in t o  e q u a t io n  2.1 g iv e s :
lo g  L = 0.033 (10 lo g  I  + 120 -  1 .32 )
= 0 .33  lo g  I  + 2 .64
T h e r e f o re :
L = 445 I 0* 33
The s u b je c t iv e  loudness  L of  a pure  to n e  a t  1 kHz t h e r e f o r e  v a r i e s  
as  th e  cube r o o t  of th e  i n t e n s i t y  in  Wm- 2 . To a c h iev e  a d o u b lin g  in  
s u b je c t iv e  lo u d n e ss ,  i t  i s  n e c e s s a ry  t o  in c re a s e  th e  sound power by 
a f a c t o r  o f  e i g h t .
In  o rd e r  to  e s t im a te  th e  s u b j e c t i v e  re sp o n se  t o  a broad band s i g n a l  
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1 For each f req u en cy  component, o r  bandwidth l e s s  than  th e  
c r i t i c a l  bandw idth , d e te rm ine  th e  lo u d n e ss  l e v e l  in  phons 
co rre sp o n d in g  t o  th e  i n t e n s i t y  l e v e l  u s in g  th e  cu rves  o f  F ig u re  
2 .3 .
2 Use th e  e m p ir ic a l  r e l a t i o n s h i p  o f  F ig u re  2 .4  t o  de te rm ine  th e  
lo u d n e ss  l e v e l s  in  so n es .
3 Add the  i n d i v id u a l  v a lu es  o f  lo u d n ess  to  d e te rm ine  th e  t o t a l  
lo u d n e ss .
4 Use F ig u re  2 .4  a g a in  t o  d e te rm ine  th e  o v e r a l l  lo u d n e ss  l e v e l  in  
phons.
T h is  i s  the  i n t e n s i t y  which a 1 kHz p u re  to n e  would need t o  have in  
o rd e r  to  produce th e  same a p p a re n t  lo u d n e ss .
A measuring in s tru m en t  t o  measure lou d n ess  would be im p r a c t i c a l l y  
complex a s  i t  would have to  p rov ide  a c o n t in u o u s ly  v a r i a b l e  l e v e l  
and f requency  s e n s i t i v e  w e ig h t in g  ne tw ork . The g e n e r a l ly  a c c e p te d  
compromise i s  to  use a sound l e v e l  m eter  w ith  a number o f  f i x e d  
f requency  w e ig h t in g  netw orks which co rrespond  t o  th e  r e s p o n s e  o f  
th e  e a r  a t  d i f f e r e n t  av e rag e  sound l e v e l s .  These a re  th e  A-, B- 
and C- w e igh t ing  re sp o n se s  shown in  F ig u re  2 .5 .  Recent p r a c t i c e  
has been t o  r e l y  a lm ost s o l e l y  on th e  A- w e ig h t in g  netw ork f o r  most 
n o is e  measurements, independen t o f  l e v e l .  This  i s  i n c o n s i s t e n t  
w ith  th e  r i s k  of h e a r in g  damage p r e d ic te d  by th e  E qual-Energy  
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FIGURE 2 .5  Frequency W eighting Curves
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2 .4  Hearing D efects  not caused by n o ise
In a t te m p t in g  t o  a n a ly se  and v a l i d a t e  t h e o r i e s  which r e l a t e  
exposure  to  n o is e  w ith  h e a r in g  l o s s ,  i t  i s  im p o rtan t  to  de te rm ine  
th e  s ig n i f i c a n c e  o f  the  h e a r in g  l o s s .  There a r e  a number of 
n a t u r a l  causes  o f  h e a r in g  d e f e c t s  which must be c o n s id e re d  b e fo re  
a s c r ib i n g  a s u b j e c t ’ s h e a r in g  lo s s  to  n o ise  ex p o su re .  Recent
government l e g i s l a t i o n  and codes of p r a c t i c e  have encouraged
companies to  m onitor t h e i r  employees h e a r in g  on a r e g u la r  b a s i s ,  so 
t h a t  th o s e  w ith  an i n i t i a l  h e a r in g  d e fe c t  o r  w ith  a p a r t i c u l a r l y
s e n s i t i v e  h e a r in g  mechanism can be i d e n t i f i e d  and p r o t e c t e d .
2 .4 .1  P re sb y co u s is
The th r e s h o ld  o f  h e a r in g  fo r  normal s u b j e c t s ,  shown in  
F igu re  2 .2  r e p r e s e n t s  th e  ave rage  th r e s h o l d  fo r  a d u l t  
s u b je c t s  l e s s  than  25 y e a r s  o ld  w ith  normal h e a r in g .  
P re sb y c o u s is  i s  th e  g rad u a l  d e g ra d a t io n  of h e a r in g  w ith  ag e .  
I t  i s  c h a r a c t e r i s e d  by a d e c re a se  in  th e  h e a r in g  bandwidth 
a t  th e  h igh  freq u en cy  l i m i t .  I t  i s  u n c le a r  w hether
p re sb y c o u s is  i s  a t r u e  age ing  p ro cess  or a n o is e  induced
h e a r in g  lo s s  due to  exposure  to  a normal a c o u s t i c
env ironm en t.  A survey  o f  a p r im i t iv e  t r i b e  who had been
exposed o n ly  t o  low l e v e l s  of env ironm en ta l n o is e  r e v e a le d  
t h a t  th e  t y p i c a l  h e a r in g  re sp o n se  o f  a 70 y ea r  o ld  from t h i s  
group had h e a r in g  a c u i t y  com parable w ith  th e  av e rag e  30 year  
o ld  American. I t  i s  u s u a l ly  v e ry  d i f f i c u l t  to  c o n f id e n t ly  
s e p a r a t e  th e  e f f e c t  of p re s b y c o u s is  from any h e a r in g  l o s s  
which i s  n o is e  induced .
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2 .4 .2  T in n i tu s
T in n i tu s  i s  c h a r a c t e r i s e d  by a h ig h - p i tc h e d  r in g i n g  in  th e  
e a r .  Some people  s u f f e r  from t h i s  c o n d i t io n  perm anently  and 
as a r e s u l t  o f te n  have speech problem s. The c o n d i t io n  o f t e n  
o ccu rs  te m p o ra r i ly  in  most p eo p le ,  p a r t i c u l a r l y  a f t e r  
exposure  t o  h igh  n o is e  l e v e l s .
2 .4 .3  Deafness
There a re  t h r e e  i d e n t i f i a b l e  c l a s s e s  of d ea fn e ss  : 
c o n d u c t iv e ,  nerve  and c o r t i c a l .
C onductive d ea fn e ss  can r e s u l t  from th ic k e n in g  o f  th e  ea r  
drum, s t i f f e n i n g  o f  th e  j o i n t s  o f  th e  o s s i c l e s  or b lo c k in g
o f  the  e x t e r n a l  c an a l  by wax. Bone co n d u c t iv e  bypasses  th e
d e f e c t iv e  elem ents  and hence l i m i t s  th e  h e a r in g  lo s s  to  
between 50 and 55 dB, though t h i s  s t i l l  r e p r e s e n t s  a s e r io u s  
l o s s .  Some causes  of conduc t ive  h e a r in g  lo s s  can be 
r e l i e v e d  by s u rg e ry .  O to s c le r o s i s  which im m ob il ises  the  
s t a p e s  can be he lped  by f e n e s t r a t i o n ,  where a new window i s  
in t ro d u c e d  in t o  th e  l a t e r a l  s e m i - c i r c u l a r  c a n a l s .  
P e r f o r a te d  e a r  drums which can be caused by d i s e a s e  or 
a c o u s t i c  traum a may h e a l  n a t u r a l l y  o r  may be r e p la c e d  by an 
a r t i f i c i a l  e a r  drum. Conductive d e a fn e ss  i s  c h a r a c t e r i s e d  
by an a t t e n u a t i o n  which i s  independen t o f  a m p li tu d e .
Nerve d e a fn e ss  i s  due to  a lo s s  of s e n s i t i v i t y  in  th e
senso ry  c e l l s  in  th e  in n e r  ea r  or t o  a d e f e c t  in  th e
a u d i to r y  c a n a l .  There i s  g e n e r a l ly  no cu re  and th e  h e a r in g  
l o s s  v a r i e s  w ith  f r e q u e n c i e s .
C o r t i c a l  d ea fn e ss  c h i e f l y  a f f e c t s  o ld  peop le  and i s  due t o  a
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d e f e c t  in  th e  b r a in  c e n t r e s .
2 .5  N oise induced hearing d e fe c ts
Immediate permanent d ea fn e ss  caused by n o is e  i s  due t o  sound 
p r e s s u re s  of around 150 dB or g r e a t e r .  Such sound p re s s u re s  a re  
g e n e r a l ly  on ly  th e  r e s u l t  o f  a b l a s t  or e x p lo s io n ,  t h e r e f o r e  a 
n o is e  induced h e a r in g  l o s s  i s  r a r e l y  caused t r a u m a t i c a l l y .  The
more u su a l  s i t u a t i o n  i s  f o r  th e  h e a r in g  lo s s  t o  occur g r a d u a l ly
over a p e r io d  of tim e w ith  exposure  l e v e l  and d u r a t io n  being
f a c t o r s  a f f e c t i n g  th e  r a t e  o f  l o s s .
2 .5 .1  Temporary and Permanent T hresho ld  S h i f t
I f  a s u b je c t  i s  exposed t o  a f a i r l y  h ig h  n o i s e  l e v e l  th e  
s e n s i t i v i t y  of th e  h e a r in g  w i l l  red u ce .  T h is  i s  determ ined  
by m easuring th e  t h r e s h o ld  o f  h e a r in g  a t  v a r io u s  f r e q u e n c ie s  
and comparing th e s e  r e s u l t s  w ith  th e  av e ra g e  r e sp o n se  of 
F ig u re  2 .2 .  U nlike th e  e f f e c t  o f  p re sb y c o u s is  which re d u c e s  
th e  o v e r a l l  bandw idth , a n o is e  induced th r e s h o l d  s h i f t  i s  
norm ally  o b se rv ed .  This  th r e s h o ld  s h i f t  i s  a lm ost 
i n v a r i a b ly  c e n t re d  around *1 kHz, l a r g e l y  independen t o f  th e  
c h a r a c t e r i s t i c s  o f  the  n o i s e .
I f  s u f f i c i e n t  tim e i s  a llow ed  between e x p o su re s ,  th e  h e a r in g  
r e c o v e rs  and th e  s u b je c t  has s u f f e r e d  o n ly  a tem porary  
th r e s h o ld  s h i f t  (TTS). However, i f  the  ex posu re  i s  r e p e a te d  
b e fo re  th e  h e a r in g  r e c o v e r s ,  and i f  th e  ex posu re  i s  of a 
s u f f i c i e n t l y  h ig h  l e v e l ,  a permanent th r e s h o l d  s h i f t  (PTS) 
w i l l  r e s u l t .
The i n i t i a l  d ip  in  s e n s i t i v i t y  a t  4 kHz c o n t in u e s  to
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in c r e a s e  fo r  about 10 y e a r s .  A f te r  t h i s  tim e th e  maximum 
h e a r in g  lo s s  s t a b i l i s e s  bu t th e  th r e s h o ld  s h i f t  then  sp re a d s  
o u t  to  a f f e c t  a p r o g r e s s iv e ly  g r e a t e r  p o r t i o n  o f  th e  h e a r in g  
bandw idth . As d is c u s s e d  in  s e c t i o n  2 .2 ,  th e  im p o rtan t
speech  energy  of co nsonan ts  i s  around th e  4 kHz re g io n  and 
th e r e f o r e  th e s e  w i l l  be th e  f i r s t  sounds t o  be a f f e c t e d .  
The w idening o f  th e  a f f e c t e d  bandwidth r e s u l t s  i n  more and
more o f  the  speech ene rgy  be ing  l o s t ,  w i th  human speech
becoming l e s s  and l e s s  i n t e l l i g i b l e .
2 .6  C r ite r ia  fo r  A ssessin g  th e  Risk o f  Hearing Damage
Sound l e v e l  m e te rs  w ith  s p e c i f i e d  perform ance were a v a i l a b l e  a s
long ago as 194M [ 2 ] ,  S ince t h a t  tim e i t  became a p p a re n t  t h a t  
t h e r e  was a l i n k  between th e  d u r a t io n  and l e v e l  of ex posu re  in
d e te rm in in g  e i t h e r  th e  degree  o f  TTS or PTS. E a r ly  an im al s t u d i e s
le d  to  an in c o n c lu s iv e  deba te  abou t th e  r e l a t i v e  im portance  of
th e se  two f a c t o r s .
2 .6 .1  Equal Energy H ypothesis
The advent of the  j e t  eng ine  l e d  t o  p a r t i c u l a r l y  n o is y
working env ironm ents  f o r  ground s e r v ic in g  p e r s o n n e l .  These
environm ents p rov ided  a focus  f o r  a number o f  r e s e a r c h
p r o j e c t s  sponsored  by th e  USAF. "Damage R isk  C r i t e r i a "  were 
proposed by R o s e n b l i th  and S tevens  in  1952 [ 3] .  The l e v e l s  
recommended by th e s e  c r i t e r i a  tended  to  be r a t h e r  
c o n s e rv a t iv e  as  they  were based on a lm ost co n t in u o u s  
exposure . A more r e a l i s t i c  s tu d y  which in c lu d e d  th e  e f f e c t s  
o f  s h o r t  tim e exposure  was p u b l ish e d  by E ld red ,  Gannon and
Von G ierke in  1955 [ 4 ] .  Although t h i s  work p r e s e n te d  no
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s p e c i f i c  r e s u l t s ,  i t  o f f e r e d  th e  work o f  E ldredge and C ovell 
[ 5 ,6 ]  as  ev id en ce  t o  s u p p o r t  th e  e q u a l -e n e rg y  h y p o th e s i s  
(EEH). The EEH i s  based on an ex ac t  e q u iv a len c e  between 
sound i n t e n s i t y  and exposure  d u r a t i o n ,  t h a t  i s  th e  t o t a l  
energy r e c e iv e d  by th e  e a r  i s  im p o r ta n t ,  r a t h e r  th an  th e  
manner in  which i t  was r e c e iv e d .  The work o f  E ld red  e t  a l  
was proposed as  a code o f  p r a c t i c e  fo r  m in im ising  h e a r in g  
damage t o  th e  s e r v ic e  p e rso n n e l .  In  a d d i t i o n  t o  th e  
a d o p t io n  o f  th e  EEH, i t  e s t a b l i s h e d  135 dB a s  th e  maximum 
exposure  l e v e l  f o r  th e  u n p ro te c te d  e a r  on th e  b a s i s  t h a t  
t h i s  r e p re s e n te d  th e  lower l i m i t  f o r  th e  th r e s h o l d  o f  p a in  
f o r  s u b je c t s  w ith  te n d e r  e a r s .
The recommendations o f  t h i s  work were fo rm a l ly  e s t a b l i s h e d  
in  th e  U nited  S t a t e s  by A ir  Force R e g u la t io n  AFR 160-3 , 
1956. Other work [ 7 ,8 ,9 ,1 0 ,1 1 ]  advanced argum ents in  favou r  
of bo th  th e  EEH and o th e r  i n t e n s i ty - e x p o s u r e  r e l a t i o n s h i p s .  
What was g e n e r a l ly  a c c e p te d  was t h a t  th e  EEH would e n s u re  
b e t t e r  p r o t e c t i o n ,  p a r t i c u l a r l y  f o r  exposure  t o  im p u ls iv e  
n o i s e s .  The exchange r a t e  im p lied  by th e  EEH i s  t h a t  a 
doub ling  of i n t e n s i t y  or a doub ling  of exposure  d u r a t i o n  
would le a d  to  th e  same in c r e a s e  in  r e c e iv e d  e n e rg y .  The 
i n t e n s i t y  i s  doubled by in c r e a s in g  th e  sound p r e s s u re  by 
3 dB, t h e r e f o r e  th e  exchange r a t e  i m p l i c i t  i n  th e  EEH i s  
o f te n  r e f e r r e d  to  as 3 dB doub ling .  A number o f  p r e s s u r e  
groups proposed d i f f e r e n t  exchange r a t e s .  The W alsh-H ealey 
Act (1969) fo rm a l ise d  5 dB doub ling  w i th in  t h e  U nited  
S t a t e s .  Dixon Ward and Nelson [12] d e s c r ib e d  th e  a d o p t io n  
of 5 dB doub ling  as be ing  a "g u e s s t im a te "  which was more 
p o l i t i c a l  than  s c i e n t i f i c  in  n a t u r e .
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W ith in  th e  U n ited  S t a t e s  t h e r e  rem ains  a d u a l i t y  of 
s ta n d a rd s  f o r  p e rs o n a l  n o is e  d osem ete rs ,  however, 3 dB 
doub ling  i s  u n i v e r s a l l y  a c c e p te d  as be ing  a p p r o p r i a t e  f o r  
i n t e g r a t i n g  sound l e v e l  m e te rs .
In  B r i t a i n ,  th e  r o u t e  t o  ad o p t in g  th e  p r i n c i p l e s  o f th e  EEH 
as p a r t  of n o is e  l e g i s l a t i o n  has been v ia  th e  Wilson 
Committee Report (1963), which proposed v a r io u s  exposure  
damage r i s k  c r i t e r i a ,  and th e  "Noise in  In d u s t ry "  r e p o r t  of 
Burns and Robinson (1970).  This  l a t t t e r  r e p o r t  formed a 
b a s i s  f o r  th e  Code o f  P r a c t i c e  f o r  Reducing th e  Exposure of 
Employed Persons to  Noise (1972). The H e a l th  and S a f e ty  a t  
Work Act (197*0 was th e  l e g a l  in s t ru m e n t  des ig n ed  to  e n fo rc e  
the  p r i n c i p l e s  of the  code. These b a s ic  p r i n c i p l e s  a r e  a 
maximum of 90 dB, 8-hour e q u iv a le n t  c o n t in u o u s  sound l e v e l  
(Le q) and a maximum l e v e l  o f  135 dB fo r  th e  u n p ro te c te d  e a r ,  
as  proposed in  1955 by E ld re d ,  Gannon and Von G ie rk e .
The o n ly  u n re so lv e d  q u e s t io n  r e l a t i n g  t o  th e  EEH i s  what 
av e rag e  i n t e n s i t y  p ro v id es  an a c c e p ta b le  r i s k  of h e a r in g  
damage. Most c o u n t r i e s  have a c c ep ted  90 dB as  th e  maximum 
Le q fo r  an 8 hour day. W ea lth ie r  c o u n t r i e s  such  as  th e  
U nited  S t a t e s  and Sweden have reduced  t h i s  l e v e l  t o  85 dB to  
m inimise th e  r i s k  f o r  t h e i r  w orkers .  I t  i s  u n l i k e l y  t h a t  
th e re  w i l l  be p r e s s u re  t o  reduce  exposure  t o  l e s s  th an  t h i s  
as  t h e r e  i s  ev id en ce  t h a t  no m easurab le  h e a r in g  l o s s  o c c u rs  
as a r e s u l t  o f  exposure  t o  sound l e v e l s  o f  80 dB and below. 
T h is  i s  a lm ost c e r t a i n l y  due t o  masking by th e  norm ally  
o c c u r r in g  ‘h e a r in g  d e g ra d a t io n  o f  p r e s b y c o u s is .
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CHAPTER THREE
THE NATURE AND MEASUREMENT OF L„„
B efore th e  main body of th e  work on th e  des ign  and e v a l u a t i o n  of 
i n t e g r a t i n g  sound l e v e l  m eters  could  b eg in ,  i t  was n e c e ss a ry  to  
i n v e s t i g a t e  th e  s ta n d a rd  e q u a t io n  f o r  Le q, in  o rd e r  t o  u n d e rs tan d  how 
b e s t  t o  g e n e ra te  th e  c o n s t i t u e n t  components of the  L f u n c t i o n ,  and to  
de te rm ine  whether an approx im ate  s o lu t i o n  based on n u m e rica l  methods 
would be v i a b l e .
The s ta n d a rd  e q u a t io n  f o r  Leq i s  d e f in e d  by:
L0q i s  t h e r e f o r e  th e  mean va lue  i n t e g r a l  of th e  sound i n t e n s i t y  
e x p re ssed  on a lo g a r i th m ic  s c a l e .  T h is  can be c o n t r a s t e d  w ith  th e  
e q u a t io n  f o r  sound p re s s u re  l e v e l :
The two fu n c t io n s  a re  very  s i m i l a r ,  b u t  th e  av e ra g in g  tim e  o f  sound 
l e v e l  i s  one second o r  l e s s .  The a v e ra g in g  methods a re  a l s o  d i f f e r e n t ;  
in  t h a t  w ith  sound p r e s s u re  l e v e l ,  th e  a v e ra g in g  i s  an e x p o n e n t ia l
f u n c t io n  so  t h a t  i t s  in t e g r a t i n g  p e r io d  i s  u s u a l ly  much l e s s  th a n  th e
measurement p e r io d .
The long  i n t e g r a t i n g  c a p a b i l i t y  im p lied  in  th e  Leq e q u a t io n  i s  c e n t r a l
t o  th e  v a lu e  o f  L~n in  a s s e s s in g  th e  r i s k  o f  h e a r in g  damage due to  at i  <4
v a ry in g  n o is e  c l im a te .  I t  i s  im p o rtan t  f o r  th e  i n t e g r a t i o n  t o  be
con tinuous  th ro u g h o u t th e  measurement p e r io d ,  as  a s h o r t ,  h i g h - l e v e l
t r a n s i e n t  can form a la rg e  c o n t r i b u t i o n  t o  th e  f i n a l  L i f  th e  g e n e ra l“ 4
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l e v e l  i s  low.
I t  i s  p r o f i t a b l e  t o  c o n s id e r  th e  g e n e ra l  form of th e  mean va lue  
i n t e g r a l ,  as e x p re s se d  in  th e  m ean-value theorem:
ft*f ( £ )  = 1  f ( x )  dx where a ^ ^ b
(b -a )  a •
This  e q u a t io n  j u s t i f i e s  the  b a s i s  f o r  Le q , a s  i t  shows t h a t  a s i n g l e  
v a lu e  o f  th e  f u n c t i o n ,  f ( £ ) ,  can be used t o  r e p r e s e n t  th e  mean v a lu e  of 
f ( x )  over th e  i n t e g r a t i o n  r a n g e .  In  an ISLM, th e  f u n c t io n  f ( x )  i s  
p ro p o r t io n a l  t o  th e  sound i n t e n s i t y .  The e q u a t io n  a l s o  shows t h a t  th e  
mean va lue  o f  th e  i n t e n s i t y  co r re sp o n d s  to  th e  a c t u a l  va lue  o f  the  
i n t e n s i t y  a t  time £. In  a t y p i c a l  n o ise  p a t t e r n ,  th e  l e v e l  may r i s e  and 
f a l l  many t im es  d u r in g  th e  i n t e g r a t i o n  p e r io d ,  so  t h a t  £ would p ro b ab ly  
co rrespond  to  a l a r g e  number o f  e la p se d  t im es .  T h e re fo re  th e  v a lu e  o f  £ 
has no p h y s ic a l  s ig n i f i c a n c e  f o r  Leq as  i t  i s  g e n e r a l ly  a many v a lu ed  
f u n c t io n .
R eference to  th e  b lock  diagram of F ig u re  3.1 shows how th e  L f u n c t io n  
can be c o n s t ru c te d  from b a s ic  analogue b u i ld in g  b lo c k s .  The s q u a r in g  
elem ent i s  performed by a com bination  o f  a lo g a r i th m ic  a m p l i f i e r  and an 
a n t i l o g a r i t h m i c  a m p l i f i e r .  The in p u t  s ig n a l  t o  th e  lo g a r i th m ic  
a m p l i f i e r  must be u n ip o l a r ,  which e x p la in s  the  in c lu s io n  o f  the  a b s o lu t e  
v a lu e  or p r e c i s i o n  fu l l -w a v e  r e c t i f i e r  s t a g e .  The s q u a re  of th e  in p u t  
s ig n a l  can be i n t e g r a t e d  c o n t in u o u s ly  w ith  an analogue i n t e g r a t o r  t o  
y i e ld  a s to r e d  v a lu e  of th e  dose . A s i m i l a r  s t o r e  r e p r e s e n t i n g  th e  
e la p s e d  tim e can be c o n s t ru c te d  so  t h a t  when th e  s to r e d  v a lu e  o f  dose i s  
d iv id ed  by th e  s to r e d  v a lu e  c o r re sp o n d in g  t o  th e  e la p se d  time and th e  
lo g a r i th m  of the  q u o t ie n t  d e r iv e d ,  th e  r e s u l t  i s  a r e p r e s e n t a t i o n  o f  th e  
Le q of th e  in p u t  s i g n a l .
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The s t r a i g h t f o r w a r d  approach  to  g e n e ra t in g  L0q when u s in g  ana logue  
b u i ld in g  b lo c k s  must be m od if ied  i f  an approx im ate  s o l u t i o n  i s  
en v isa g e d .  I f  the  in p u t  s i g n a l  were d i g i t i z e d ,  th e  i n t e g r a t i o n  would 
have to  be perform ed n u m e r ic a l ly .  A good app rox im ation  can be ga ined  by 
u s ing  Simpson’ s Rule f o r  a range  d iv id e d  i n t o  n p a r t s :
where n i s  th e  number o f  s t r i p s
h i s  th e  w id th  o f  each  s t r i p
The two summation te rm s would r e p r e s e n t  very  la rg e  numbers i f  a l a rg e  
number o f  samples were be ing  i n t e g r a t e d .  T h is  would g e n e r a l ly  be th e  
case  s in c e ,  t o  en su re  a c c u ra te  r e s o l u t i o n  o f  a 24 kHz s inew ave , which 
would be n e c e s s a ry  f o r  1 /3  o c ta v e  f req u en cy  a n a l y s i s ,  10ytfsecond sam pling  
would be r e q u i r e d .  The e f f e c t  of an in c r e a s in g  number of samples on th e  
s to r e  c a p a c i ty  needed to  accommodate th e  summation term s would be to  
in c r e a s e  th e  s to ra g e  le n g th  by one b i t  f o r  each doub lin g  o f  th e  number
of sam ples . The co n v ers io n  acc u racy  r e q u i r e d  t o  encompass th e  l a r g e  
dynamic range  o f  i n d u s t r i a l  n o is e  s i g n a l s  i s  app roach ing  20 b i t s .  
T h e re fo re  as  th e  number of sam ples i s  in c r e a s e d ,  th e  s i z e  of d i g i t a l
s t o r e s  r e q u i r e d  soon becomes ex trem ely  l a r g e .
The lo g a r i th m ic  convers ion  can a l s o  be performed u s in g  n u m e rica l
methods. The u su a l  method i s  to  use  a power s e r i e s  expansion  as f o l lo w s :
To o b ta in  th e  r e s o l u t i o n  which would be r e q u i r e d  f o r  a p r e c i s i o n  grade 
in s t ru m e n t ,  a l a r g e  number of te rm s would need to  be e v a lu a te d .  The dose 
i n t e g r a l  could  be a l a rg e  number, and so  th e  va lue  o f  x in  th e  power 
s e r i e s  expansion  g iven above would be v e ry  c lo s e  to  u n i t y .  T h is  l e a d s  t o
f ( x ) dx = | { f 0 + f n + 4 ( f i  + f 3+ . . f n- 1) + 2 ( f 2+ f 4+ . . f n- 2 )}
+ +5 f o r  -1 < x < 1
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s m a l le r  d i f f e r e n c e s  between te rm s  in  th e  s e r i e s  and hence in c r e a s e s  th e  
number of te rm s which would need to  be c o n s id e re d  fo r  a g iven 
r e s o l u t i o n .  Although th e  magnitude o f  the  numbers in v o lv ed  would n o t  be 
a f f e c t e d  g r e a t l y  by in c r e a s in g  th e  number o f  te rm s c o n s id e re d ,  i t  may 
le a d  t o  an in c r e a s e  in  p ro c e s s in g  tim e fo r  each lo g a r i th m ic  c o n v e rs io n .
When th e  p la n  o f  work was p roposed , i t  was env isaged  t h a t  s i g n i f i c a n t  
advances in  d i g i t a l  s ig n a l  p ro c e s s in g  component te ch n o lo g y  would e n a b le  
th e  d i f f i c u l t i e s  o u t l i n e d  above to  be overcome. The m ic r o e le c t r o n ic  
in d u s t r y  h a s ,  however, tended  t o  c o n c e n t ra te  on th e  i n d u s t r i a l  
c o n t r o l l e r  m ic ro p ro cesso rs  ( m i c r o c o n t r o l l e r s ) , and th e r e  has been 
l im i t e d  p ro g re s s  on th e  development o f  c e r t a i n  a s p e c t s  o f  8 -  and 16 - b i t  
m ic ro p ro c e s so rs .  A s i g n i f i c a n t  l i m i t a t i o n  o f  r e le v a n c e  t o  th e  p r e s e n t  
a p p l i c a t i o n  was the la c k  o f  CMOS techno logy  p ro c e s s o r s .  The low power 
consumption of  CMOS p ro c e s s o r s  i s  e s s e n t i a l  t o  th e  development of a 
h an d -h e ld  in s t ru m e n t .  Thus i t  was r e a l i z e d  t h a t  th e  s e c t i o n  o f  the  
proposed p la n  which was concerned  w ith  t o t a l  s ig n a l  p ro c e s s in g  by th e  
m ic ro p ro cesso r  would n o t  be v i a b l e .  A t te n t io n  was t h e r e f o r e  fo cu sed  on 
th e  s e l e c t i v e  use  o f  th e  m ic ro p ro cesso r  in  a c o n t ro l  f u n c t io n  in  th o s e  
a re a s  o f  the  p ro c e s s in g  t o  which i t  would le n d  enhancement.
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CHAPTER FOUR
EVALUATION METHODS FOR INTEGRATING SOUND LEVEL METERS
I n t e g r a t i n g  Sound L eve l M eters (ISLMs) a re  a lm ost e x c l u s i v e ly  c a l i b r a t e d  
w ith  a con t inuous  in p u t  s i g n a l .  This o n ly  con firm s  th e  m e te r ’ s a b i l i t y  
t o  measure sound p re s s u re  l e v e l ,  bu t t e l l s  n o th in g  abou t th e  m e te r ' s  
a b i l i t y  t o  measure im pu ls ive  s i g n a l s  -  the  type  o f  s i g n a l s  which r e q u i r e  
th e  use o f  an ISLM in  p la c e  o f  a c o n v e n t io n a l  sound l e v e l  m e te r .  When 
t h i s  work was s t a r t e d ,  t h e r e  was no acc ep ted  method f o r  t e s t i n g  ISLMs. 
A lthough t h i s  i s  s t i l l  an i s s u e  f o r  d i s p u te ,  s e v e r a l  p ro p o sa ls  have 
s in ce  been put fo rw ard ; one in  p a r t i c u l a r  was being  c o n s id e re d  in  d r a f t  
form f o r  i s s u e  by th e  I n t e r n a t i o n a l  E l e c t r o t e c h n i c a l  Commission (IEC) as 
an i n t e r n a t i o n a l  s ta n d a rd .  This  has been i s s u e d  su b se q u e n t ly  a s  IEC 
804.
In th e  absence o f  any s ta n d a r d ,  i t  was dec ided  t o  t e s t  and e v a l u a t e  ISLM 
d es ig n s  u s in g  e l e c t r i c a l  s i g n a l s  s u b s t i t u t e d  in  p la c e  o f  th e  m icrophone, 
and t o  c o n s t r u c t  s p e c i a l i z e d  s ig n a l  sou rces  so  t h a t  th e s e  e l e c t r i c a l  
s i g n a l s  would q u a n t i fy  c e r t a i n  p a ram ete rs  of p a r t i c u l a r  r e l e v a n c e  t o  th e  
measurement of S h o r t ly  a f t e r  t h i s  tim e th e  H ea lth  and S a fe ty
E xecutive  (HSE) proposed a d r a f t  s ta n d a rd  f o r  ISLMs as  p a r t  of a 
commercial te n d e r  on b e h a l f  o f  H.M. F ac to ry  I n s p e c t o r a t e .  The t e s t i n g  
p rocedu res  embodied in  t h i s  d r a f t  s ta n d a rd  a re  b ro ad ly  th e  same as th o se  
which had been c o n s id e re d  p r e v io u s ly  fo r  use  in  t h i s  work. The HSE- 
produced d r a f t  s ta n d a rd  was th e r e f o r e  adop ted  so  t h a t  r e s u l t s  produced 
as p a r t  o f  t h i s  work cou ld  be compared r e a d i l y  w ith  r e s u l t s  from t e s t s  
perfomed by th e  HSE and any o th e r  r e s e a r c h e r s  who ad o p ted  th e  HSE d r a f t  
s ta n d a r d .  The p r i n c i p l e s  embodied w i th in  th e  HSE d r a f t  s ta n d a rd  
s u b se q u e n tly  formed a s u b s t a n t i a l  p a r t  o f  IEC 804 d r a f t  s ta n d a r d  
r e f e r r e d  to  e a r l i e r .  C onstan t i n t e r a c t i o n  w i th  th e  HSE and o th e r
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p r o f e s s io n a l  a c o u s t i c i a n s  a t  m eetings  and c o n fe ren ces  has a llow ed  th e  
id e a s  r e s u l t i n g  from t h i s  work t o  c o n t r i b u t e  t o  th e  c u r r e n t ,  and 
p roposed , n a t i o n a l  (UK & USA) and i n t e r n a t i o n a l  s t a n d a r d s .
In s tru m e n ts  which g e n e ra te  th e  param eter  Leq a r e  i n t e g r a t i n g  sound l e v e l
m e te rs ,  so as  w e ll  as  perfo rm ing  t e s t s  to  a s c e r t a i n  th e  am p litude
l i n e a r i t y  in  th e  same way as  w ith  a c o n v e n t io n a l  sound l e v e l  m e te r ,  th e
i n t e g r a t i n g  fu n c t io n  of th e  m eter  must a l s o  be checked. The t r a d i n g
r e l a t i o n s h i p  between sound p r e s s u re  l e v e l  and tim e i s  u s u a l l y  r e f e r r e d
to  as  th e  exchange r a t e .  For an ISLM based on th e  E qua l-  Energy
H y p o th es is ,  th e  exchange r a t e  i s  3 dB. This  means t h a t  f o r  a c o n s ta n t
v a lu e  Lo n , i f  th e  measurement d u r a t i o n  i s  h a lv ed ,  th e  sound p re s s u re“ 4
l e v e l  must be in c re a s e d  by 3 dB, and c o n v e rs e ly ,  i f  the  measurement 
d u r a t i o n  i s  doubled , th e  sound p re s s u re  l e v e l  must be reduced  by 3 dB. 
T h is  i s  o f te n  r e f e r r e d  t o  as 3 dB d o u b l in g .
I t  i s  u s u a l ly  overlooked  t h a t  th e  v a lu e  of 3 dB i s  d e r iv e d  from 
10 l o g 10 2 i which i s  more p r e c i s e l y  3.01 dB. This  d is c re p a n c y  i s  of
l i t t l e  s i g n i f i c a n c e  when d e a l in g  w ith  c o n v e n t io n a l  sound l e v e l  m e te rs  
w ith  a f a i r l y  r e s t r i c t e d  dynamic r a n g e ,  b u t  over th e  ex tended  dynamic 
ran g e  of an ISLM, th e  d is c re p a n c y  cou ld  exceed  th e  measurement to l e r a n c e  
a l lo w ed . However, an ex ac t  r e l a t i o n s h i p  between measurement d u r a t i o n  and 
l e v e l  does e x i s t ,  which i s  t h a t  an in c r e a s e  in  measurement d u r a t i o n  of 
an o rd e r  o f  magnitude i s  e q u iv a le n t  t o  a d e c re a se  in  l e v e l  o f  10 dB, and 
v ic e  v e r s a ,  s in ce  10 l o g 10 10 = 10. I t  i s  t h i s  l a t t e r  r e l a t i o n s h i p  
which i s  employed in  th e  t e s t s  d e s c r ib e d  in  t h i s  work.
For a s in g l e  ran g e  in s tru m e n t  o p e r a t in g  under th e  f a i r l y  w e l l  c o n t r o l l e d  
env ironm en ta l c o n d i t io n s  of a l a b o r a to r y ,  t h e r e  a r e  t h r e e  b a s ic  
p aram eters  which c h a r a c t e r i z e  th e  perform ance o f  a p a r t i c u l a r  ISLM.
28
These a r e  th e  dynamic span ,  th e  exchange r a t e  to l e r a n c e  and th e  peak 
f a c t o r  c a p a b i l i t y .  These pa ram ete rs  a re  d e t a i l e d  below:
4.1 Dynamic Span
The dynamic span i s  a measure o f  the  range  o f  s ig n a l  am p li tu d es  and 
f r e q u e n c ie s  which can be a p p l ie d  to  an ISLM so t h a t  i t  i s  cap ab le  
of c a l c u l a t i n g  L0q to  w i th in  a c e r t a i n  t o l e r a n c e .  Four d i f f e r e n t  
g rades  of in s tru m e n t  a r e  re c o g n iz e d  in  th e  HSE d r a f t  s ta n d a rd  in  
accordance  w ith  IEC 651 , th e  c o n s o l id a te d  r e v i s i o n  o f  the  sound 
l e v e l  m eter s t a n d a r d s ,  t h e s e  a re  d e s ig n a te d  Types 0, 1, 2 and 3;
the  d i f f e r e n t  g rades  being  r e q u i r e d  t o  respond  w ith  d i f f e r e n t  
a c c u r a c ie s  and over d i f f e r e n t  f requency  r a n g e s ,  a s  shown in  
T ab le  4 .1 .
ISLM Type 0 1 !: 2 3
Frequency range
W ithin i n d i c a t o r  
range  (dB)














TABLE 4.1 Dynamic Span T o le ran ces
The t e s t  p rocedure  c o n s i s t s  o f  ap p ly in g  a s i n u s o id a l  in p u t  s i g n a l  
of f requency  w i th in  th e  ran g e  s p e c i f i e d  f o r  th e  p a r t i c u l a r  g rade  o f  
m eter t o  be t e s t e d .  The am plitude  o f  the  in p u t  s i g n a l  i s  a d j u s t e d
in  f i n e  in c re m e n ts ,  say 0.1 dB, and th e  m eter r e a d in g  i s  n o ted
a f t e r  i t  has s t a b i l i z e d  t o  b e t t e r  than  0 .2  dB fo r  Type 0 and 1
m e te rs ,  b e t t e r  than  0 .5  dB f o r  Type 2 m e te r s ,  and b e t t e r  th an
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1.0  dB fo r  Type 3 m e te r s .  To t e s t  the  l i n e a r i t y  o f  the  dynamic 
span above th e  i n d i c a t o r  ra n g e ,  a sequence o f  to n e  b u r s t s  i s u s e d  to  
g ive  a va lue  o f  L0q w i th in  th e  i n d i c a t o r  r a n g e .  The dynamic span i s  
th e n  th e  d i f f e r e n c e  in  r . m . s .  l e v e l s ,  ex p re s se d  in  d e c i b e l s ,  
between th e  upper and lower s ig n a l  l e v e l s  w i th in  which th e  
t o l e r a n c e s  o f  Table 4.1 a r e  met. The dynamic span  r e q u i r e d  f o r  the
d i f f e r e n t  g rades  c>f in s tru m en t a r e  shown in Table  4 .2 .
ISLM Type 0 1 2 ;• 3
Dynamic span (dB) 70 60 50 40
TABLE 4 .2  Dynamic Span
For re a s o n s  d is c u s s e d  in  C hapter F ive co nce rn ing  e l e c t r i c a l  c i r c u i t  
d e s ig n ,  th e  h ig h e r  f r e q u e n c ie s  u s u a l ly  p r e s e n t  th e  g r e a t e r  problem 
t o  ISLMs, so  in  o rd e r  to  de te rm ine  w hether a p a r t i c u l a r  m eter 
s a t i s f i e s  th e  s ta n d a rd  f o r  i t s  s p e c i f i e d  g ra d e ,  t e s t i n g  would 
norm ally  begin  a t  th e  h ig h e r  f r e q u e n c ie s .  However, to  d e te rm in e  th e  
performance c h a r a c t e r i s t i c s  o f  an ISLM over th e  whole range  o f  
in p u t  s ig n a l  am p li tudes  and f r e q u e n c ie s  i s  v e ry  time consuming, so 
a r e s t r i c t e d  f requency  range w i l l  p robab ly  have t o  be s p e c i f i e d  in  
an i n t e r n a t i o n a l  s ta n d a rd  f o r  a b b re v ia te d  t e s t i n g  of a m e te r ’s 
dynamic span .
4 .2  Exchange Rate Tolerance
A t e s t  which i s  much q u icke r  t o  perfo rm , and does no t r e q u i r e  th e  
use th e  use o f  expensive  0.1 dB s t e p  a t t e n u a t o r s ,  i s  th e  exchange 
r a t e  to l e r a n c e  t e s t .  As d e s c r ib e d  e a r l i e r ,  t h i s  t e s t  i s  based  on 
th e  e q u iv a le n c e  of a change in  s ig n a l  d u r a t i o n  by an o rd e r  of
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magnitude and a change in  s ig n a l  l e v e l  of 10 dB. A s p e c i a l l y  
c o n s t ru c te d  tone  b u r s t  g e n e ra to r  i s  used to  a l t e r  th e  m ark/space 
r a t i o  o f  the  s i g n a l .  The s ig n a l  am plitude  i s  a d ju s t e d  a c c o rd in g ly  
so as t o  m a in ta in  a c o n s ta n t  v a lu e  Le q in p u t .
I n i t i a l l y ,  a r e f e r e n c e  i s  e s t a b l i s h e d ,  u s in g  a con tinuous  
s in u s o id a l  in p u t  o f  frequency  6 kHz, a t  a l e v e l  10 dB above th e  
lo w es t  p o in t  of the  i n d i c a t o r  range  o r  th e  lo w es t  p o in t  of the  
dynamic span ,  w hichever i s  th e  h ig h e r .  A sequence of to n e  b u r s t s  of 
6 kHz s in u s o id s  i s  then  s u b s t i t u t e d  a t  such a l e v e l  as  to  g ive  an 
in p u t  Le q of i d e n t i c a l  v a lu e  t o  t h a t  o f  th e  co n t in u o u s  s i g n a l .  The 
re a d in g s  o b ta in e d  w ith  th e  to n e  b u r s t  in p u t  shou ld  d i f f e r  from th e  
r e f e r e n c e  l e v e l  by no more th a n  th e  t o l e r a n c e s  s p e c i f i e d  in  
Table  4 .3 .  In t h i s  t a b l e  t h e r e  a r e  two v a lu es  c o r re sp o n d in g  to  
each  tone  b u r s t  d u r a t io n  and in s t ru m e n t  c a te g o ry .  The up p er  f i g u r e  
i s  t h a t  proposed by th s  HSE and th e  lower f i g u r e  i s  t h a t  adop ted  by 
IEC 804.
In te rm e d ia te  m ark/space r a t i o s  may be used t o  check t h a t  th e  
exchange r a t e  to l e r a n c e  does n o t  exceed  t h a t  o f  th e  n e x t  h ig h e r  
r a t i o .  Such a t e s t  would h e lp  r e v e a l  any n o n - l i n e a r i t i e s  in  th e  
m e te r ’ s re sp o n se ;  a t a s k  which th e  exchange r a t e  t e s t  can perform  
more s p e e d i ly  than  th e  con tinuous  s ig n a l  l i n e a r i t y  t e s t .
The HSE s ta n d a rd  demands t h a t  th e  tone  b u r s t s  used  in  th e  exchange 
r a t e  t e s t  shou ld  be o f  such a d u r a t i o n  as to  "en su re  t h a t  t h e r e  a r e  
no l i m i t a t i o n s  in c u r r e d  as  a r e s u l t  o f  peak f a c t o r  l i m i t a t i o n s " .  
The peak f a c t o r  t e s t  and th e  d i f f e r e n c e  between peak and non-peak  
c a te g o ry  m eters  w i l l  be e x p la in e d  f u l l y  in  t h e  n e x t  s e c t i o n ,  
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have a d u r a t io n  between 1 m i l l i s e c o n d  and 1 second fo r  peak m e te rs ,  
and between 200 m i l l i s e c o n d s  and 1 second fo r  non-peak m e te rs .  
S ince  th e  maximum am plitude  s ig n a l  used in  th e  peak f a c t o r  t e s t  i s  
always 10 dB l e s s  than  th e  co rre sp o n d in g  maximum am plitude  s ig n a l  
used in  th e  peak f a c t o r  t e s t  f o r  a p a r t i c u l a r  g rade  of in s t ru m e n t ,  
i t  i s  assumed t h a t  i f  tone  b u r s t s  used in  th e  exchange r a t e  t e s t
a r e  n o t  s h o r t e r  th a n  th o se  used i n  th e  peak f a c t o r  t e s t ,  th e n  th e
p re v io u s ly  m entioned c r i t e r i o n  w i l l  have been met.
I t  has been su g g es ted  t h a t  a f u r t h e r  f a c t o r  o f  t e n  t im es  should  be 
allow ed by r e s t r i c t i n g  th e  minimum exchange r a t e  t e s t  tone  b u r s t  to  
t e n  t im es  th e  minimum peak f a c t o r  t e s t  to n e  b u r s t .  T h is  ap p ea rs  t o
be m isu n d e rs tan d in g  th e  u s e fu ln e s s  o f  the  exchange r a t e  t e s t .  As
w e ll  as  co n f irm in g  t h a t  a m eter  i n t e g r a t e s  a c c o rd in g  t o  th e  c o r r e c t  
f u n c t i o n ,  th e  exchange r a t e  t e s t  a l s o  checks the  im pulse 
l i n e a r i t y  o f  th e  m eter over  th e  low er s e c t i o n  of th e  dynamic sp an ,  
which th e  peak f a c t o r  t e s t  f a i l s  to  do.
The t e s t  f requency  of 6 kHz used f o r  th e  exchange r a t e  t e s t  was 
p ro b ab ly  chosen as i t  rough ly  c o in c id e s  w ith  th e  second f req u en cy  
where th e  L in ea r  and A -w eigh ting  netw ork r e sp o n s e s  c o in c id e ;  th e  
f i r s t  c ro s so v e r  f requency  be ing  1 kHz, p r e v io u s ly  used  in  th e  sound 
l e v e l  m eter t e s t s .  As th e  f requency  f o r  th e  t e s t s  i s  n o t  e x a c t ly  
the  f requency  where th e  two n e tw o rk s ’ re sp o n ses  c o in c id e ,  t h e r e  
would ap p ea r  to  be l i t t l e  s i g n i f i c a n c e  in  i t s  v a lu e ,  o th e r  th an  
en su r in g  t h a t  i f  an ISLM i s  f i t t e d  w ith  A -w eigh ting  r e s p o n s e  o n ly ,  
th e  f u l l  ran g e  o f  in p u t  s ig n a l  am p li tu d es  can be a p p l i e d  w ith o u t  
o v e r lo a d in g  th e  in p u t  s t a g e .
A tone  b u r s t  o f  s ix  com plete  c y c le s  o f  6 kHz p ro v id e s  th e  1 m i l l i ­
second tone  b u r s t  d u r a t i o n  r e q u i r e d  t o  t e s t  th e  peak c a te g o ry
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m e te r s .  Tone b u r s t s  o f  s i n g l e  c y c le s  o f  6 kHz have been used in  
some o f th e s e  t e s t s ,  b u t  such t e s t s  a r e  o u t s id e  th e  scope o f  th e  
d r a f t  s ta n d a r d .
I t  i s  im p o rtan t  t h a t  a l though  th e  to n e  b u r s t s  a re  o f  6 kHz 
s in u s o id s ,  th e  o v e r a l l  f requency  spectrum  of th e  in p u t  a l s o  
in c lu d e s  f r e q u e n c ie s  co rre sp o n d in g  t o  th e  p e r io d  o f  the  to n e  b u r s t  
and th e  p e r io d  between th e  b u r s t s .  Thus th e  in s t ru m e n t  i s  being 
s u b je c te d  to  a f a i r l y  broad-band  in p u t .  A t y p i c a l  in p u t  s i g n a l  i s  
shown in  F igu re  4.1 and th e  co rre sp o n d in g  f requency  a n a l y s i s  i s  
shown in  F ig u re  4 .2 .  I t  i s  c l e a r  t h a t  th e  exchange r a t e  t e s t  i s  a 
f a i r l y  com prehensive one , p ro v id in g  in fo rm a tio n  a b o u t many a s p e c t s  
of ISLM perform ance .
Peak Factor
Reference was made e a r l i e r  t o  two c a t e g o r ie s  o f  ISLM w i th in  each 
grade of in s t ru m e n t ,  namely peak and non-peak m e te rs .  The o n ly  
d i f f e r e n c e  between th e s e  two c a t e g o r i e s  i s  in  t h e i r  c a p a b i l i t y  t o  
respond  a c c u r a t e l y  t o  s h o r t  d u r a t i o n  in p u t  s i g n a l s .  The peak 
c a te g o ry  m e te r ’ s re sp o n se  i s  l i m i t e d  t o  s i g n a l s  having  an am p li tude  
which i s  c o n s id e ra b ly  l e s s  th a n  th e  upper extrem e of  i t s  dynamic 
span .
The non-peak c a te g o ry  ISLMs appear t o  be i r r e l e v a n t ,  a s  th e  o n ly  
advan tage  th e y  have over  th e  n e x t  lower g rade of peak m eter  i s  a 
s l i g h t  in c r e a s e  in  f requency  range  and a m arg ina l  improvement on 
some of th e  t e s t  t o l e r a n c e s  s p e c i f i e d .  Non-peak c a te g o ry  m e te rs  
have n o t  been in c o rp o ra te d  i n t o  IEC 804.
The peak f a c t o r  t e s t  i s  performed by a p p ly in g  a s i n g le  b u r s t  of
AlO/enooS AIO/A^DDS
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FIGURE 4.1 Tone Burst Used in Exchange Rate T es t
S'dB/DIV ZKH z /D IV
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FIGURE 4.2 Input Spectrum for Exchange Rate T es t
6 kHz s in u s o id  in  th e  p resence  o f  a background o f  a con tinuous  
s in u s o id a l  s ig n a l  w ith  a f requency  of 6 kHz s e t  t o  a l e v e l  
co r re sp o n d in g  to  th e  lower l i m i t  of the  dynamic span .  The 
background and th e  tone  b u r s t  have to  be in  phase ,  a s  shown by th e  
example waveform of F ig u re  4 .3 .  The p e r io d  o f  the  to n e  b u r s t  
should  be , a s  m entioned e a r l i e r ,  between 1 m i l l i s e c o n d  and 1 second 
fo r  peak m e te rs  and between 200 m i l l i s e c o n d s  and 1 second f o r  non­
peak m e te rs .
The am plitude  o f  th e  to n e  b u r s t  i s  in c re a s e d  in  1 dB s te p s  u n t i l  
t h e  in d i c a te d  Le q d i f f e r s  from th e  c a l c u l a t e d  Le q by more than  0 .5  
dB (0 .8  dB(A)) f o r  Types 0,1 and 2, and 1 .0  dB (1 .0  dB(A)) f o r  Type 
3 m e te rs  th a n  t h a t  p e rm it te d  by th e  l i n e a r i t y  t o l e r a n c e s .  The r a t i o  
o f  the  peak v a lu e  o f  the  lo w e s t  am plitude  to n e  b u r s t  which r e a c h e s  
t h i s  l i m i t  t o  th e  r . m . s .  l e v e l  o f  th e  background s ig n a l  i s  th e  peak 
f a c t o r  fo r  th e  p a r t i c u l a r  ISLM. The peak f a c t o r  t e s t  i s  no rm ally  
performed w ith  th e  ISLM s e t  t o  L in ea r  r e s p o n s e ,  b u t  some m e te rs  may 
be f i t t e d  w ith  A -w eighting  o n ly  and t h i s  acco u n ts  f o r  th e  in c re a s e d  
to l e r a n c e  shown in  b r a c k e ts .  The peak f a c t o r  c a p a b i l i t y  r e q u i r e d  
fo r  th e  v a r io u s  g rades  and c a t e g o r i e s  o f  m eters  a r e  shown in  
Table 4 .4 .
ISLM Type 0 1 2 3
Peak ca teg o ry  (dB) 73 63 53 43
Non-peak c a te g o ry  (dB) 40 30 25 ; 20
TABLE 4 .4  Peak F ac to r  C a p a b i l i ty  






FIGURE 4.3 Tune Burst Used in Peak Factor T es t
d u r a t i o n  s ig n a l  t h a t  th e  ISLM can m easure , bu t a l s o  checks the  
im pulse l i n e a r i t y  over th e  upper  s e c t i o n  of th e  dynamic span . The 
t e s t  i s  d i f f i c u l t  to  perform  on th e  non-peak m e te rs  due t o  th e  
l i m i t a t i o n s  o f  th e  tone  b u r s t  d u r a t io n  and peak l e v e l .  The non-peak 
m eters  do seem to  be o f  l i m i t e d  u s e ,  p ro v id in g  l i t t l e  in c re a s e d  
m easuring  c a p a c i ty  over a c o n v e n t io n a l  sound l e v e l  m e te r .
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CHAPTER FIVE
DESIGN AND DEVELOPMENT OF AN ANALOGUE INSTRUMENT
The fu n c t io n  Leq> as  d i s c u s s e d  in  th e  c h a p te r  on th e  e v o lu t io n  o f  Le q , 
i s  th e  lo g a r i th m  of a m ean-value i n t e g r a l  of th e  s q u a re  of th e  sound 
p r e s s u r e .  As a r e s u l t  of the  a v a i l a b l e  e x p e r t i s e  w i th in  th e  
c o l l a b o r a t i n g  body, i t  was d ec ided  t o  i n v e s t i g a t e  methods f o r  g e n e ra t in g  
t h i s  f u n c t io n  u s in g  analogue t e c h n iq u e s .  I t  was r e a l i z e d  t h a t  any m e te rs  
o r  in d iv id u a l  c i r c u i t s  developed  as a r e s u l t  o f  t h i s  i n v e s t i g a t i o n  cou ld  
be used fo r  com parison w ith  d e s ig n s  embodying d i g i t a l  t e c h n iq u e s ,  a 
development ex p ec ted  t o  form an e x te n s io n  of th e  b a s ic  work.
The sq u a r in g  p a r t  o f  th e  fu n c t io n  i s  u s u a l ly  formed by g e n e r a t in g  tw ice  
th e  lo g a r i th m  o f th e  in p u t  v o l t a g e ,  u s u a l ly  r e f e r r e d  to  as 21ogV, and 
then  a n t i lo g g in g  th e  r e s u l t a n t  c u r r e n t  t o  g ive  a f i n a l  o u tp u t  c u r r e n t  
p ro p o r t io n a l  t o  th e  sq u are  o f  th e  in p u t  v o l t a g e .  Having th e  o u tp u t  in  
th e  form of a c u r r e n t  i s  very  co n v en ien t  as i t  i s  e a s i l y  i n t e g r a t e d  
u s in g  a c o n v e n t io n a l  M i l l e r  i n t e g r a t o r .  U n fo r tu n a te ly ,  i t  i s  o n ly  
p o s s ib le  t o  c o n s t r u c t  a lo g a r i th m ic  a m p l i f i e r  which o p e r a t e s  in  one 
quad ran t ;  t h i s  means t h a t  th e  in p u t  v o l ta g e  and th e  r e f e r e n c e  must bo th  
be u n ip o l a r .  The co n v e rs io n  from b ip o la r  t o  u n ip o la r  in p u t  s i g n a l  fo r  
th e  21ogV-alog s t a g e  i s  performed by an a b s o lu te  v a lue  c i r c u i t .
5.1 A bsolute Value C ircu it
The a b s o lu te  va lue  c i r c u i t  i s  a fu l l -w a v e  r e c t i f i e r  which a v o id s  
th e  u su a l  forw ard v o l ta g e  drop o f  a sim ple diode by in c o r p o r a t in g  
i t  in  th e  feedback  loop  o f  an o p e r a t io n a l  a m p l i f i e r .  The fo rw ard  
v o l ta g e  drop o f  t h i s  com bination  i s  th e  forw ard v o l ta g e  drop o f  th e  
d iode d iv id e d  by th e  open -loop  g a in  o f  th e  o p e r a t i o n a l  a m p l i f i e r ;
which i s  c o n s id e ra b le  a t  low f r e q u e n c ie s .  An added advan tage  o f  
p la c in g  th e  diode in  th e  feedback  loop  o f  th e  o p e r a t io n a l  a m p l i f i e r  
i s  t h a t  th e  e x p o n e n t ia l  forw ard conduc t ion  c h a r a c t e r i s t i c  of th e  
diode i s  l i n e a r i z e d .  The o p e r a t io n  o f  th e  a b s o lu te  va lue  c i r c u i t ,  
shown in  F igu re  5 .1 ,  i s  f u l l y  d e s c r ib e d  e lse w h e re ,  bu t th e  h e a r t  of 
the  a b s o lu te  va lue  c i r c u i t ,  which i s  th e  p r e c i s i o n  ha lf-w ave  
r e c t i f i e r  shown in  F igu re  5 .2 ,  needs t o  be c o n s id e re d  i n  o rd e r  to  
u n d e rs tan d  th e  l i m i t a t i o n s  o f  the  c i r c u i t .  Diodes D1 and D2 change 
th e  feedback  arrangem ent o f  A1 f o r  d i f f e r e n t  p o l a r i t i e s  of in p u t .  
I t  i s  i n  th e  s w i tc h in g  o f  d iodes  D1 and D2 t h a t  th e  problem s a r i s e ,  
p a r t i c u l a r l y  w ith  th e  com bination  o f  low s ig n a l  l e v e l  and h igh 
f req u e n c y .  There i s  a deadband around zero  r e s u l t i n g  from the  
l i m i t e d  slew r a t e  and g a in  in  A1, and from c a p a c i ta n c e  and charge 
s to ra g e  e f f e c t s  in  th e  d io d e s .  This  deadband i s  a r e s u l t  o f  the  
f i n i t e  tim e ta k e n  f o r  A1 t o  swing th ro u g h  two diode v o l ta g e  d ro p s .  
The o p e r a t io n a l  a m p l i f i e r ’ s l i m i t a t i o n s  and th e  e f f e c t s  of the  
d io d e s ,  which compound th e  o p e r a t io n a l  a m p l i f i e r ' s  p roblem s, can 
cause t h i s  t r a n s i t i o n  t o  be c o m p ara t iv e ly  slow and hence in t ro d u c e  
c o n s id e ra b le  d i s t o r t i o n  i n t o  th e  s ig n a l .  An example o f  an in p u t  
s ig n a l  w ith  i t s  c o r r e c t l y  formed a b s o lu t e  va lue  t r a c e  i s  shown in  
F igu re  5 .3 ,  and a sequence o f  a b s o lu te  v a lu e  t r a c e s ,  o b ta in e d  u s in g  
a c o n s ta n t  low l e v e l  in p u t of in c r e a s in g  f requency  i s  shown in  
F igu re  5 .4 .  The d i s t o r t i o n  of th e  waveform, even a t  modest 
f r e q u e n c ie s ,  i s  q u i t e  e v id e n t ,  and t h i s  d i s t o r t i o n  would le a d  t o  a 
lower v a lu e  o f  th e  energy i n t e g r a l  and hence an u n d e re s t im a t io n  of
Leq*
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FIGURE 5.4 Performance of Absolute Value Stage as a Function of Frequency
1. A1 i s  chosen to  have a h igh  ga in -bandw id th  p roduct and a h igh  
s lew ing  r a t e .
2. Diodes D1 and D2 a r e  chosen t o  have low r e v e r s e  le a k a g e ,  low 
forw ard v o l ta g e  drop and a v e ry  s h o r t  r e v e r s e  r e c o v e ry  t im e .
3. The f req u en cy  com pensa tion  fo r  th e  o p e r a t io n a l  a m p l i f i e r  i s  
c a r e f u l l y  des igned  so as  t o  keep th e  bandwidth as  h igh  a s  
p o s s i b l e .
I n i t i a l l y ,  a f a i r l y  s ta n d a rd  o p e r a t i o n a l  a m p l i f i e r ,  an LM 301 A, was 
used f o r  A1, and 1N91 4 d iodes  were used f o r  D1 and D2. S a t i s f a c t o r y  
performance was o b ta in e d  a t  f r e q u e n c ie s  up t o  100Hz, b u t  s e v e re  
shortcom ings were a p p a re n t  a t  h ig h e r  f r e q u e n c i e s .
To boos t  the  ga in -bandw id th  o f  the  o p e r a t i o n a l  a m p l i f i e r ,  a 
complementary t r a n s i s t o r  s t a g e  was i n s e r t e d  between th e  o p e r a t io n a l  
a m p l i f i e r  and th e  d io d e s ,  a s  shown in  F ig u re  5 .5 .  The s ta n d a rd  
d iodes  were r e p la c e d  by F a i r c h i l d  FD700 computer d io d e s ,  chosen fo r  
t h e i r  f a s t  r e v e r s e  re c o v e ry  t im e .  With th e  in c re a s e d  a m p l i f i e r  
bandwidth and th e  improved d io d e s ,  i t  was p o s s ib le  to  a c h ie v e  about 
a 60 dB dynamic range a t  10 kHz, however th e  c i r c u i t  tended  t o  
o s c i l l a t e  and in t ro d u c e d  a s i g n i f i c a n t  time d e la y .  I t  became c l e a r  
by u s in g  t h i s  c i r c u i t  t h a t  in  g e n e r a l ,  t o  ach ieve  a l a r g e r  dynamic 
range  demands th e  use of h ig h e r  s t a t i c  c u r r e n t s  in  th e  a m p l i f i e r  
s t a g e .
The LM 301A and t r a n s i s t o r  b o o s te r  s ta g e  was t h e r e f o r e  r e p la c e d  by 
an o p e r a t io n a l  a m p l i f i e r  w ith  a h igh  g a in -bandw id th  and h ig h  o u tp u t  
c u r r e n t  c a p a b i l i t y ,  an RCA CA3130 s u b s t i t u t e d  f o r  A1. T h is  gave a 









U n f o r tu n a t e ly  t h e  CA3130 was runn ing  v e ry  h o t  as  i t  was drawing 
16 .5  mA from th e  power r a i l s ,  which i s  f a r  too  h igh  f o r  an 
in s t ru m e n t  in ten d ed  t o  run  from b a t t e r y  power.
Changing t h e  CA3130 t o  an e x o t i c ,  t h a t  i s  e xpens ive ,  H a r r i s  2625 
o p e r a t i o n a l  a m p l i f i e r  b rought  the  c u r r e n t  consumption down t o  under 
5 mA and i n c r e a s e d  t h e  s t a b i l i t y  of  the  c i r c u i t .  The dynamic range  
a t  2 kHz was now i n  th e  r e g i o n  70 dB to  80 dB depending  on how 
a c c u r a t e l y  the  c i r c u i t  was s e t  up ,  and a t  20 kHz th e  dynamic range  
was i n  th e  r e g i o n  50 dB to  60 dB. One o f  the problems w i th  the  
c i r c u i t  was th e  phase e r r o r  in t ro d u c e d .  This  becomes more a p p a re n t  
i f  the  p r e c i s i o n  ha l f -w ave  r e c t i f i e r  i s  coupled t o  a second 
o p e r a t i o n a l  a m p l i f i e r  t o  complete t h e  f u l l - w a v e  r e c t i f i c a t i o n .
An a p p l i c a t i o n  no te  from N a t io n a l  Semiconductor [13]  e x p l a i n s  how 
t h e i r  LM 108A f a m i ly  of  o p e r a t i o n a l  a m p l i f i e r s  can be g iven  h ig h e r  
ga in  a t  h igh f r e q u e n c i e s  by u s in g  a type  o f  f requency  compensa tion  
which the y  te rm  feedforw ard  compensat ion.  The a dvan tage  of  t h i s  
type o f  compensation i s  t h a t  i t  a l low s  the  use  o f  an o p e r a t i o n a l  
a m p l i f i e r  w i th  a low s t a t i c  c u r r e n t  d r a i n ,  t y p i c a l l y  300 pA, bu t  
i n c r e a s e s  the  s t a n d a r d  ga in -b andwid th  o f  the  o p e r a t i o n a l  a m p l i f i e r  
by e l i m i n a t i n g  some r e l a t i v e l y  slow PNP t r a n s i s t o r s  from t h e  s i g n a l  
ch a in  a t  h igh  f r e q u e n c i e s .  At the  same t ime as changing  t o  t h i s  
a m p l i f i e r  c o n f i g u r a t i o n ,  a number of  d i f f e r e n t  d iode  f a m i l i e s  were 
a l s o  c o n s id e r e d .  The most s u c c e s s f u l  f am i ly  t e s t e d  was the  H ewle tt  
Packard r an g e  of  ho t  c a r r i e r  d io d e s .
The ho t  c a r r i e r  diode  i s  a very  c l o s e  approx im a t ion  t o  an i d e a l  
d iode;  i t  has  e s s e n t i a l l y  ze ro  forward  v o l t a g e  d rop ,  an e x t r e m e ly  
f a s t  r e v e r s e  r e c o v e ry  t ime due t o  t h e  absence o f  m i n o r i t y  c a r r i e r  
charge  s to r a g e  and t h e  o n ly  t r a d e - o f f  between d i f f e r e n t  members of
the  f a m i ly  i s  r e v e r s e  le akage  v e r s u s  forward  r e s i s t a n c e .
An op timized  v e r s i o n  o f  the  a b s o l u t e  va lue  c i r c u i t  i s  shown in 
F igure  5 .6 .  An LM 308A was used f o r  A1 and A2 and t h e  ho t  c a r r i e r  
d iodes  w i th  the  b e s t  compromise of  param ete rs  t o  g iv e  minimum g a in  
e r r o r  and maximum dynamic range  were th e  Hewlett  Packard 50822835. 
The amount of  feedforw ard  compensa tion i n  t h e  f i n a l  c i r c u i t  i s  
s i g n i f i c a n t l y  l a r g e r  than  recommended i n  the  a p p l i c a t i o n  n o t e ,  
p a r t i c u l a r l y  in  view of the  20 pF and 3 .3  pF speed-up  c a p a c i t o r s ,  
but  th e  p u l s e  r e s p o n s e  o f  the  c i r c u i t  i s  no t  im por tan t  in  t h i s
a p p l i c a t i o n .
The dynamic range  o f  the  o p t im iz ed  c i r c u i t  was about  90 dB a t  
6 kHz, f a l l i n g  t o  about  70 dB a t  20 kHz; which i s  c o n s i s t e n t  with  
the  per formance r e q u i r e d  f o r  a Type 0 m e te r ,  and s i g n i f i c a n t l y  in  
exce ss  of  o th e r  p ub l i she d  per formance .
5 .2  th e Squaring C ircu it
Having co n v e r ted  the  in p u t  s i g n a l  t o  u n ip o l a r  form with  th e  
a b s o l u t e  va lue  c i r c u i t ,  t h e  s q u a r in g  o p e r a t i o n  can be performed 
u s in g  the  21ogV-alog s t a g e  mentioned in  t h e  i n t r o d u c t i o n  t o  th e  
c i r c u i t  des ign .  The b a s i c  c i r c u i t  i s  shown in  F igu re  5 .7 .  The 
o p e r a t i o n  o f  the  c i r c u i t  r e l i e s  on th e  l o g a r i t h m i c  r e l a t i o n s h i p
between c o l l e c t o r  c u r r e n t  and b a s e - e m i t t e r  v o l t a g e  of  a  b i p o l a r  
j u n c t i o n  t r a n s i s t o r .  In t h i s  p a r t i c u l a r  c i r c u i t ,  t h e r e  a r e  two
t r a n s i s t o r s  i n  th e  feedback  loop  of  t h e  o p e r a t i o n a l  a m p l i f i e r  t o  
give a v o l t a g e  a t  th e  e m i t t e r  of  Q2 which i s  twice t h e  b a s e - e m i t t e r  
v o l t a g e  of  a s i n g l e  t r a n s i s t o r .  F igure  5 .8  shows th e  a . c .  
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FIGURE 5.8 A.C. Component of 2 log V Signal (CH2) Result ing from 
Input Signal (CR1)
i n p u t  s i g n a l  of  100 Hz (CH1). The c u r r e n t  drawn i n t o  t h e  
a n t i l o g g i n g  t r a n s i s t o r ,  Q3 , i s  t h e r e f o r e  p r o p o r t i o n a l  to  the  square  
of  the  c u r r e n t  p a s s in g  th rough  t h e  l o g g in g  t r a n s i s t o r s ,  Q1 and Q2.
A s e r i o u s  problem of  l o g a r i t h m i c  a m p l i f i e r s ,  used  t o  good advan tage  
i n  semiconducto r  t e m p e ra tu r e  t r a n s d u c e r s ,  i s  t h a t  t h e  r e l a t i o n s h i p  
between c o l l e c t o r  c u r r e n t  and b a s e - e m i t t e r  v o l t a g e  i s  h ig h l y  
te m p e ra tu r e  s e n s i t i v e .  Th is  i s  due t o  two te m p e ra tu r e  s e n s i t i v e  
components o f  the  c h a r a c t e r i s t i c s  as shown below:
vbe = nVT( ln  I c -  I n  I s ) 
where
vbe i s the  b a s e - e m i t t e r  v o l t a g e
n i s a dev ice  c o n s t a n t
vT i s the  th e rm a l  v o l t a g e ,  g iven  by VT =
k i s Boltzmann’ s c o n s t a n t
T i s the a b s o l u t e  t e m p e ra tu r e  i n  k e l v in
q i s t h e  e l e c t r o n i c  charge
*c i s the  c o l l e c t o r  c u r r e n t
I s i s t h e  r e v e r s e  s a t u r a t i o n  c u r r e n t
There i s  a t e m p e ra tu r e  s e n s i t i v e  s c a l e  f a c t o r ,  nVT, and a 
t e m p e ra tu re  s e n s i t i v e  o f f s e t  te rm, nVTl n  I s . The o f f s e t  t e rm  i s  
compensated f o r  by f e e d in g  a c o n s t a n t  c u r r e n t  v i a  Q4 and Q3 i n t o  
A1. Q1—4 a r e  i d e n t i c a l  ty p e s  c o n ta in e d  in  a m o n o l i th i c  t r a n s i s t o r  
a r r a y ,  so the  c u r r e n t  th rough  Q4 and Q3 w i l l  match and t h e r m a l l y  
t r a c k  t h e  o f f s e t  te rm of  Q1 and Q2. The c u r r e n t  i n t o  th e  c o l l e c t o r  
of  Q3 i s  t h e r e f o r e  th e  a n t i l o g a r i t h m  o f  the  combined b a s e - e m i t t e r  
v o l t a g e s  of Q1 and Q2, bu t  w i th  t h e  fou r  o f f s e t  te rm s  e x a c t l y  
c a n c e l l i n g .
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The c o n s t a n t  c u r r e n t  i n t o  Q4 and Q3 de te rm ine s  the  s c a l e  f a c t o r ,  
e f f e c t i v e l y  the  base of  t h e  lo g a r i t h m ,  and the  use o f  a t r a n s i s t o r  
a r r a y  h e l p s  overcome th e  problems of  t em pera tu re  s e n s i t i v i t y  by th e  
c l o s e  the rm a l  t r a c k i n g  of  th e  d e v i c e s .  I n i t i a l l y ,  a s imple  r e s i s t o r  
from the  p o s i t i v e  supp ly  r a i l  was used a s  the  c o n s t a n t  c u r r e n t  
s o u r c e ,  but  th e  seven decade r an g e  of  c o l l e c t o r  c u r r e n t  f o r  Q3 
r e s u l t e d  i n  l a r g e  ga in  changes f o r  Q3 which a l t e r e d  t h e  r e f e r e n c e  
c u r r e n t  and hence t h e  s c a l e  f a c t o r .  This  problem i s  overcome in  the  
c i r c u i t  of  F igu re  5 .7  by s u p p ly in g  th e  r e f e r e n c e  c u r r e n t  t o  the  
v i r t u a l  e a r t h  of  an o p e r a t i o n a l  a m p l i f i e r  so  t h a t  t h e  r e f e r e n c e  i s  
s t a b l e ,  and so t h a t  any exce ss  base c u r r e n t  demands f o r  Q3, a s  a 
r e s u l t  of  ga in  changes,  can be s u p p l i e d  from A2 w i th o u t  a l t e r i n g  
th e  s c a l e  f a c t o r .
The dev ice s e l e c t e d  f o r  A1 was an LM 308A, as  i t  had t o  overcome 
th e  problem of s w i tc h in g  t h e  t r a n s i s t o r s  on and o f f  a t  h igh  
f r e q u e n c i e s  and low s i g n a l  l e v e l s .  As i n  t h e  a b s o l u t e  va lue  
c i r c u i t ,  t h e  optimum performance  was o b t a in e d  w i th  f requency  
compensation w e l l  in  excess  o f  the  s t a n d a r d  v a l u e .  The per formance 
re q u i re m e n t s  o f  A2 a r e  t h a t  i t  should  have a s  smal l  an in p u t  o f f s e t  
vo l t a g e  as p o s s i b l e ,  bu t  more i m p o r t a n t l y ,  i t  shou ld  have a low 
in p u t  b i a s  c u r r e n t .  Both t h e s e  r e q u i r e m e n t s  a r e  so  t h a t  t h e  smal l  
r e f e r e n c e  c u r r e n t  i s  no t  a f f e c t e d .  The r e f e r e n c e  c u r r e n t  i s  o f  the  
o rde r  of  1 yA, so  t h e  in p u t  b i a s  c u r r e n t  should  be s i g n i f i c a n t l y  
l e s s  than t h i s ,  over the  f u l l  o p e r a t i n g  t e m p e ra tu r e  range  o f  the  
Le q mete r .  A BIFET o p e r a t i o n a l  a m p l i f i e r  ty p e  TL062IN from Texas 
In s t rum en ts  was s e l e c t e d  as  i t  has the  low es t  in p u t  o f f s e t  v o l t a g e  
o ve r  t h e  t e m p e ra tu r e  r a n g e ,  coupled  w i th  t h e  low in p u t  b i a s  c u r r e n t  
o f  a JFET i n p u t .
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With th e  c i r c u i t  of  F ig u re  5 .7  coupled  t o  the  c i r c u i t  of 
F igure  5 . 6 ,  so  t h a t  t h e  summing f u n c t i o n  o f  A2, F igu re  5 . 6 ,  i s  
r e p l a c e d  by A1, F igure  5 .7 ,  the  dynamic range  f o r  a c c u r a t e  
g e n e r a t i o n  of  21ogV-alog was in  exce ss  of  70 dB. This  r e f e r s  t o  t h e  
range  o f  inpu t  s i g n a l s ,  a s  the  range  o f  c o l l e c t o r  c u r r e n t s  was 
t h e r e f o r e  140 dB o r  seven decades .
5 .3  The Dose In teg ra to r
The i n t e g r a l  of  the squa re  o f  the  sound p r e s s u r e  w i th  r e s p e c t  t o  
t im e ,  a measure of  t h e  t o t a l  energy  r e c e i v e d  by t h e  microphone,  i s  
u s u a l l y  r e f e r r e d  t o  as the  dose .  The o p e r a t i n g  r e q u i r e m e n t s  o f  an 
Lon meter  in t en d ed  f o r  use i n  measuring  i n d u s t r i a l  n o i s e  impose“  4
s t r i n g e n t  r eq u i re m en t s  on th e  per formance o f  the  dose i n t e g r a t o r .  
These a r e  t h a t  the  140 dB range  o f  in p u t  c u r r e n t s  should  be capab le  
of  be ing  i n t e g r a t e d  over a p e r io d  a t  l e a s t  as  long  a s  th e  working 
day.  The two p o s s i b l e  ex t remes  of  dose a r e  a h igh  l e v e l  s i g n a l  
o c c u r r i n g  f o r  a long  p e r i o d ,  and a low l e v e l  s i g n a l  r e q u i r i n g  t o  be 
r e s o l v e d  a f t e r  a s h o r t  measurement p e r io d .  The l i m i t a t i o n  i n  th e  
former case i s  the  f i n i t e  c a p a c i t y  o f  any i n t e g r a t o r ,  and i n  t h e  
l a t t e r  case  i t  i s  th e  problem of  e n s u r in g  t h a t  t h e  i n t e g r a t o r  
o u tpu t  can be r e s o l v e d  w i th  a s u f f i c i e n t l y  h igh  deg ree  o f  a c c u r a c y .  
A combination  of  t h e s e  ex t re m es ,  where a h igh  l e v e l  s i g n a l  o c c u r s  
fo r  a s h o r t  p e r io d  but  th e  t o t a l  measurement p e r io d  i s  l o n g ,  
demands the  use  of  an i n t e g r a t o r  w i th  very  low leakage  and d r i f t .
The l i n e a r i t y  o f  b e t t e r  than  0.1 dB, about  156, over a wide range  o f  
i n t e g r a t o r  speeds  i s  a l s o  r e q u i r e d  f o r  o s c i l l o s c o p e  t im ebase  
g e n e r a t o r s ,  b u t  t y p i c a l l y  in  t h i s  case  th e  in p u t  c u r r e n t  i s  used  t o  
vary  t h e  speed over one decade o n ly  w i th  one p a r t i c u l a r  i n t e g r a t i o n
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c a p a c i t o r .  In th e  case  o f  the  Leq meter  th o u g h '  th e  speed o f  the  
i n t e g r a t o r  i s  a f u n c t i o n  of  th e  v a ry in g  v o l t a g e  produced by the  
microphone,  and t h e r e f o r e  th e  i n t e g r a t o r  must be r ead y  t o  respond  
a t  any speed  w i t h i n  i t s  c a p a b i l i t y .
A c o n v e n t io n a l  analogue i n t e g r a t o r ,  c o n s i s t i n g  o f  a c a p a c i t o r  in  
t h e  feedback  loop  of an o p e r a t i o n a l  a m p l i f i e r ,  has  obvious  
l i m i t a t i o n s  on i t s  perfo rmance ,  p a r t i c u l a r l y  on i t s  a b i l i t y  t o  
i n t e g r a t e  a c o n s t a n t  c u r r e n t  f o r  long p e r i o d s ,  due t o  f i n i t e  power 
supply  v o l t a g e s ,  and i n  i t s  a b i l i t y  t o  g e n e r a t e  slow ramps w i th  
high  p r e c i s i o n ,  due t o  o p e r a t i o n a l  a m p l i f i e r  l i m i t a t i o n s  and 
i n e v i t a b l e  leakage  c u r r e n t s .
Having c o n s t r u c t e d  an analogue  i n t e g r a t o r  u s in g  th e  l a t e s t ,  low 
in p u t  c u r r e n t  o p e r a t i o n a l  a m p l i f i e r s  in combination  w i th  low 
leakage  c a p a c i t o r s ,  i t  became c l e a r  t h a t  t h e s e  l i m i t a t i o n s  would 
p rec lu d e  the  d es ig n  of  an in s t ru m e n t  which r e l i e d  s o l e l y  on 
analogue t e c h n i q u e s .  The development of  the  l o g a r i t h m ic  a m p l i f i e r ,  
which would be needed as t h e  s t a g e  f o l lo w in g  t h e  i n t e g r a t o r  t o  
complete th e  i n s t r u m e n t ,  was pos tponed ,  so t h a t  a t t e n t i o n  cou ld  be 
focused  on d i g i t a l  t e c h n iq u e s  f o r  p ro v id in g  th e  r e q u i r e d  s t o r a g e  
c a p a c i t y .
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CHAPTER SIX
EXTENSION OF THE PERFORMANCE OF THE ANALOGUE INSTRUMENT USING HYBRID
TECHNIQUES
The c i r c u i t s  which were deve loped  as p a r t  of  the  ana logue  in s t ru m e n t  
programme prov ided  a sound b a s i s  f o r  t h e  des ign  o f  a h y b r id  L m e te r .  
The advan tages  t o  be gained  by u s in g  d i g i t a l  t e c h n iq u e s  t o  s t o r e  th e  
dose in fo rm a t io n  a r e  t h a t  l a r g e  amounts of  d a t a  can be s t o r e d ,  and t h a t  
th e  d a t a  i s  n o t  c o r r u p t e d  so long  as th e  power supp ly  i s  m a in ta in e d .
The combination  o f  the  d i g i t a l  s t o r e  w i th  the  analogue s i g n a l  
c o n d i t i o n i n g  which p rece des  i t ,  needs t o  overcome t h e  l i m i t a t i o n s  of  
g e n e r a t i n g  a slow ramp w i th  h igh p r e c i s i o n  and i n t e g r a t i n g  over  long  
p e r io d s .  In  p a r t i c u l a r ,  the  d i g i t a l  s t o r e  shou ld  n o t  i n t r o d u c e  e x t r a  
l i m i t a t i o n s  due t o  q u a n t i z a t i o n  e r r o r s .
Many of t h e s e  l i m i t a t i o n s  can be overcome by the  use of  a novel  
t e c h n iq u e ,  developed  as  p a r t  o f  t h i s  work, which e f f e c t i v e l y  i n c r e a s e s  
t h e  maximum i n t e g r a t i o n  p e r io d ,  or  a l low s  a medium speed i n t e g r a t o r  t o  
g e n e ra te  ex t rem ely  slow ramps.
One way t o  overcome the  problems o f  i n t e g r a t o r  d r i f t  and leakage  would 
be to  use t h e  i n t e g r a t o r  as a sweep g e n e r a to r  whose sweep speed  i s  
de te rm ined  by the  in p u t  c u r r e n t .  This  c u r r e n t  t o  f requency  c o n v e r t e r  
would then  have t o  be coupled  t o  a d i g i t a l  s t o r e  so  t h a t  th e  dose 
i n fo rm a t io n  would remain s t a b l e  so long  as  the power s u p p ly  were 
m a in ta ined .  To u nde rs tand  th e  d i f f i c u l t i e s  a s s o c i a t e d  w i th  such a 
scheme, i t  i s  n e c e s s a ry  t o  q u a n t i f y  t h e  o p e r a t i n g  range  o f  the  c u r r e n t  
t o  f requency  c o n v e r t e r .  To o b t a i n  a c c u r a t e  r e a d i n g s  on t h e  Leq  meter  a t  
th e  bottom end o f  the  s c a l e ,  i t  i s  n e c e s s a ry  t o  have the  l i n e a r i t y  
ex tend  t o  abou t  -5 dB r e l a t i v e  t o  s c a l e  ze ro .  I f  r e a d i n g s  a r e  r e q u i r e d
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i n  a r e l a t i v e l y  s h o r t  p e r i o d ,  say  10 s econds ,  then  a minimum of 10
counts  would have t o  have been p la ced  i n  t h e  d i g i t a l  s t o r e  t o  give 10$
r e s o l u t i o n ,  about  1 dB. At the to p  end o f  the  dynamic span ,  a g a i n
a l low ing  a 5 dB margin  t o  ensu re  l i n e a r i t y ,  t h e  sweep speed  would be 
i n c r e a s e d  by 70 dB, i e  by a f a c t o r  o f  107, g iv i n g  a maximum sweep
f requency  of  10 MHz. The problems a s s o c i a t e d  w i th  d e s ig n i n g  a sweep
g e n e r a to r  t o  o p e r a t e  over t h i s  f requency  range  would be immense,
p a r t i c u l a r l y  a t  the  10 MHz sweep f r eq u en cy ,  where t h e  r e t r a c e  c i r c u i t r y  
would have t o  d i s c h a rg e  th e  i n t e g r a t i o n  c a p a c i t o r  i n  th e  o rd e r  o f  nano­
seconds ,  t o  minimize t h e  l o s s  of  dose in fo rm a t io n .  In  t h e  new app roac h ,  
the  advantage  o f  the  s e m i - i n f i n i t e  s t o r e  o f  the  d i g i t a l  system i s  
coupled w i th  th e  advan tages  of  a con t inuous  analogue i n t e g r a t o r  t o  
produce a system with  any p rede te rm ined  c a p a c i t y ,  bu t  which has  a
com ple te ly  con t inuous  o u t p u t .
For an in s t ru m e n t  w i th  a 60 dB dynamic span ,  th e  v a r i a t i o n  i n  i n t e g r a t o r
speeds  i s  i n  t h e  r a t i o  106 :1 , however abou t  an e x t r a  o rd e r  of  magnitude
i s  r e q u i r e d  in  t h e  des ign  o f  such an i n t e g r a t o r  t o  ensu re  l i n e a r i t y  a t  
th e  ex t remes  of  t h e  r a n g e ,  and t o  a l lo w  f o r  t o l e r a n c e  in  components and 
o th e r  p r a c t i c a l  c o n s i d e r a t i o n s .  The maximum c u r r e n t  which the  
i n t e g r a t o r  of  a b a t t e r y  powered in s t ru m e n t  can be expec ted  t o  o p e r a t e  a t
i s  o f  the  o r d e r  of  m i l l i a m p s .  This  p l a c e s  the  bottom end o f  th e  range
in  t h e  nanoamp r e g i o n .  To make a p r a c t i c a l  i n t e g r a t o r  u s in g  an
o p e r a t i o n a l  a m p l i f i e r ,  th e  in p u t  b i a s  c u r r e n t  must be an o r d e r  of
magnitude lower t h a n  t h i s ;  which t h e r e f o r e  s u g g e s t s  t h e  use o f  a FET
inpu t  o p e r a t i o n a l  a m p l i f i e r .
Due t o  f i n i t e  power supp ly  v o l t a g e  a v a i l a b l e ,  the  i n t e g r a t o r  has  a
f i n i t e  maximum i n t e g r a t i o n  t ime.  Once th e  upper  l i m i t  f o r  c u r r e n t  has  
been s e t ,  t h e  maximum i n t e g r a t i o n  t ime  i s  a f u n c t i o n  o f  the  va lue  o f  the
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c a p a c i t o r  on ly .  The d i e l e c t r i c  l e a k a g e  o f  the  c a p a c i t o r  must be l e s s
than  the  in p u t  b i a s  c u r r e n t  o f  the  o p e r a t i o n a l  a m p l i f i e r  i n  o r d e r  t o
r e a l i z e  t h e  f u l l  p o t e n t i a l  o f  t h e  i n t e g r a t o r .  I f  a maximum i n t e g r a t o r  
of  9 v o l t s  i s  assumed,  the  leakage  r e s i s t a n c e  o f  the  c a p a c i t o r  must  a t  
l e a s t  be of  t h e  o rde r  of  1012 ohms. Th is  p u t s  an upper  l i m i t  on th e
value  o f  the  i n t e g r a t o r  c a p a c i t o r  which can be used in  p r a c t i c e .
T y p i c a l l y ,  a p o ly s ty r e n e  or  t e f l o n  c a p a c i t o r  of  about  0.47  yF i s  used .  
With the  maximum c u r r e n t  s e t  a t  1 mA, a maximum i n t e g r a t o r  ou tpu t  
v o l t a g e  of  9 v o l t s  and an i n t e g r a t o r  c a p a c i t o r  of 0.47  yF, t h e  maximum 
i n t e g r a t i o n  p e r io d  works ou t  t o  be about  4 m i l l i s e c o n d s ,  u s i n g  CV=IT. 
C l e a r l y  t h i s  i s  nowhere n e a r  long  enough f o r  use as t h e  s o l e  means of 
i n t e g r a t i o n  in  an LeC} m e te r ,  where a maximum i n t e g r a t i o n  p e r io d  o f  8 
hours  would be more t y p i c a l .  P r o v i s io n  has  t h e r e f o r e  been made i n  the
i n t e g r a t o r  des ign  t o  r e s e t  th e  i n t e g r a t o r  when th e  o u tp u t  r e a c h e s  a
p r e s e n t  t h r e s h o l d .  Each t ime t h e  i n t e g r a t o r  i s  r e s e t ,  a s h i f t  r e g i s t e r  
i s  inc remented  so t h a t  no i n f o rm a t io n  i s  l o s t ;  each count  c o r r e s p o n d in g  
t o  an i d e n t i c a l  v a lu e  o f  energy  having  been s t o r e d  on th e  c a p a c i t o r .
I f  the  c o n d i t i o n s  a t  the  o t h e r  extreme o f  the in p u t  range  a re
c o n s id e r e d ,  where t h e  in p u t  c u r r e n t  i s  106 t im es  s m a l l e r ,  t h e  maximum 
i n t e g r a t i o n  p e r io d  works out  as  4000 seconds ,  or  about  1.1 h o u r s .  Even 
i f  no r e a d i n g s  were r e q u i r e d  from t h e  L_n mete r  w i th  a con t inuous  bottom“  4
s c a l e  in p u t  be fo re  th e  end o f  an 8 hour measurement p e r i o d ,  t h e r e  would 
on ly  be seven coun t s  i n  t h e  s h i f t  r e g i s t e r ,  which co r re s p o n d s  t o  an 
u n c e r t a i n t y  in  th e  f i n a l  answer o f  about  8 dB. Means must t h e r e f o r e  be 
prov ided  to  use t h e  i n fo rm a t io n  from t h e  i n t e g r a t o r  and t h e  s h i f t
r e g i s t e r  so t h a t  a c c u r a t e  r e a d i n g s  can be o b ta in e d  w i t h i n  p e r io d s  s h o r t  
in  comparison  with 8 h ou r s .  I t  i s  i n  t h e  method of  com bina t ion  o f  t h e s e  
d a t a  which improves on th e  co n v e n t io n a l  i n t e g r a t o r  a lone  o r  on a c u r r e n t  
t o  f requency  c o n v e r t e r  and s h i f t  r e g i s t e r  where o n ly  d a t a  from t h e  s h i f t
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r e g i s t e r  i s  u sed .  The s e c t i o n  o f  the  in s t ru m e n t  which performs the 
n e c e s s a r y  combinat ion  and e q u a l i z a t i o n  i s  c a l l e d  the  a u t o - r a n g i n g  la d d e r  
ne twork .
6.1 Auto-ranging Ladder Network
The in f o rm a t io n  s t o r e d  i n  the  s h i f t  r e g i s t e r  i s  s t a b l e  so  long  as  
th e  power supp ly  i s  m a in ta in ed  and t h e r e  i s  no b reak th rough  from 
o th e r  c i r c u i t s .  T h e re fo re ,  when a s i g n i f i c a n t  number o f  counts  
have been incremented  i n t o  th e  s h i f t  r e g i s t e r ,  d r i f t  on th e  
i n t e g r a t o r  can l a r g e l y  be i g n o re d .  I t  i s  the  f u n c t i o n  o f  the  a u t o ­
r a n g in g  la d d e r  network to  o p t im iz e  t h e  o u tp u t  from t h e  s h i f t  
r e g i s t e r  so t h a t  the  i n fo rm a t io n  from the  i n t e g r a t o r  can be 
u t i l i z e d ,  bu t  so t h a t  when s u f f i c i e n t  coun ts  have been accumula ted  
in  th e  s h i f t  r e g i s t e r ,  the  v a r i a t i o n  in  o u tp u t  due t o  i n t e g r a t o r  
d r i f t  i s  minimized.  When decoding p u r e ly  d i g i t a l  i n f o r m a t io n  i n t o  
analogue form, the  most common system employed i s  an R-2R la d d e r  
network.  The advan tage  of  such a l a d d e r  network i s  t h a t  t h e  R-2R 
network  u se s  on ly  two v a lu e s  o f  r e s i s t a n c e ,  whereas the  v a l u e s  of  
the  b in a ry  weigh ted  r e s i s t o r  network  va ry  over  a v e ry  wide r a n g e ,  
making matching and t r a c k i n g  v e ry  d i f f i c u l t .  The p r i c e  p a id  f o r  
u s ing  t h e  R-2R l a d d e r  network i s  t h a t  i t  r e q u i r e s  tw ice  a s  many 
r e s i s t o r s  f o r  a given  number o f  b i t s  i n  th e  ne twork .
The o p e r a t i o n  of  the  c o n v e n t io n a l  R-2R la d d e r  network i s  based on 
the  c u r r e n t  i n t o  each b i t  on th e  la d d e r  s p l i t t i n g  e q u a l l y ,  h a l f  
going towards t h e  o u tp u t  of  t h e  l a d d e r  and h a l f  going tow ards  t h e  
base o f  the  l a d d e r .  This  c u r r e n t  s p l i t t i n g  i s  r e p e a t e d  a t  every  
node where a new b i t  on t h e  l a d d e r  j o i n s ,  and g iv e s  th e  c o r r e c t  
w e igh t ing  t o  each b i t  on th e  l a d d e r .
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S ince  t h e  l e a s t  s i g n i f i c a n t  b i t  (LSB) on t h e  l a d d e r  i s  e q u i v a l e n t  
t o  th e  i n t e g r a t o r  c a p a c i t o r  be ing  c om ple te ly  ch a rg ed ,  any method o f  
combining t h e  s h i f t  r e g i s t e r  o u tp u t  and t h e  o u t p u t  from t h e  
i n t e g r a t o r  must m a in ta in  t h i s  e q u i v a l e n c e .  I t  can be seen by
r e f e r e n c e  t o  F igure  6 . 1 ,  t h a t  bo th  ends of  t h e  l a d d e r  network a re  
t e rm in a t e d  by 2R r e s i s t o r s ,  one end t o  ground and th e  o t h e r  t o  t h e  
v i r t u a l  e a r t h  of  t h e  o p e r a t i o n a l  a m p l i f i e r .  I f  th e  2R r e s i s t o r
t e r m i n a t i n g  th e  l a d d e r  t o  ground i s  connec ted  t o  a low impedance
p o in t  hav ing  a v o l t a g e  which i s  com ple te ly  v a r i a b l e  between 0 and 
+Vr e f ,  the n  i t  can be shown t h a t  th e  o u tp u t  of  the  o p e r a t i o n a l
a m p l i f i e r  can be c o n t in u o u s ly  v a r i e d  between 0 and +Vr e f> u s in g  
t h i s  low impedance v o l t a g e  source  and th e  b i t s  of  the  l a d d e r  
network.  F u r t h e r ,  i t  i s  c l e a r  t h a t  t h e r e  i s  no d e t e c t a b l e  
d i f f e r e n t  in  o p e r a t i o n a l  a m p l i f i e r  ou tpu t  between hav ing  th e  low 
impedance v o l t a g e  a t  +Vr e f  w i th  t h e  LSB o f f ,  o r  hav ing  t h e  low 
impedance v o l t a g e  source  a t  ground w i th  th e  LSB on.
R e f e r r i n g  t o  F igure  6 . 2 ,  w i th  t h e  low impedance v o l t a g e  s o u rce  V 
such t h a t  0 ^ V ^ v r e f  and a l l  the  l a d d e r  b i t s  o f f ,  the  v o l t a g e  a t  
node n i s :
Since the  impedance look ing  down th e  l a d d e r  or  towards  the  LSB 
s w i tc h  i s  2R. The v o l t a g e  a t  node 1 i s :
1 1Vnode 1 = v *^,*2n--i»
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T h ere fo re  th e  low impedance v o l t a g e  source  has the  same weigh t  as  
t h e  LSB. As t h e  i n t e g r a t o r  r a m p s  u p ,  i s  r e s e t  an d  t h e  s h i f t  
r e g i s t e r  i n c r e m e n t e d ,  t h e  o u t p u t  o f  t h e  o p e r a t i o n a l  a m p l i f i e r  
i n c r e a s e s  m o n o to n ic a l ly  and l i n e a r l y  a s  though th e  l i m i t a t i o n s  of  
the  i n t e g r a t o r  were i n c r e a s e d  by a f a c t o r  2®, where B i s  the  number 
of  b i t s  i n  t h e  l a d d e r .
The dynamic range  o f  c u r r e n t  from the  l a d d e r  ne twork  i s  a f u n c t i o n  
of  t h e  number of  b i t s  i n  t h e  l a d d e r  and t h e  r e q u i r e d  r e s o l u t i o n  of  
the  analogue i n t e g r a t o r ’s o u tp u t .  T y p i c a l l y ,  i n  a sys tem where t h e  
e x t e n s i o n  o f  t h e  a n a l o g u e  i n t e g r a t o r  i s  t o  be u s e d  t o  b e s t  
advan tage ,  t h i s  r a n g e  o f  c u r r e n t  w i l l  be l a r g e .  I t  i s  l i k e l y  t h a t  
any s t a g e  w h ic h  f o l l o w s  t h e  l a d d e r  n e t w o r k  w i l l  hav e  an  i n p u t  
s i g n a l  d y n am ic  r a n g e  c a p a b i l i t y  w h ic h  i s  s i g n i f i c a n t l y  l e s s  t h a n  
th e  d y n a m ic  r a n g e  w h ic h  t h e  i n t e g r a t o r  and  s h i f t  r e g i s t e r  can  
produce.  This  mismatch problem can be overcome by r e s t r i c t i n g  th e  
r an g e  of  c u r r e n t  from t h e  l a d d e r  t o  t h a t  which th e  f o l l o w i n g  s t a g e  
i s  capab le  o f  h a n d l in g ,  and then  compensa ting  a t  a l a t e r  s t a g e .
The m o d i f i c a t i o n s  r e q u i r e d  t o  be a b l e  t o  c o n t r o l  th e  c u r r e n t  from 
the  l a d d e r  i n v o lv e s  a fundamental  change t o  th e  way i n  which th e  
c u r r e n t  i s  t a k e n  from t h e  l a d d e r .  The 2R r e s i s t o r  which connec ted  
t h e  l a d d e r  t o  th e  v i r t u a l  e a r t h  o f  the  o p e r a t i o n a l  a m p l i f i e r  i s  
o m i t t e d ,  and t o  keep t h e  o u tp u t  v o l t a g e  as b e f o r e ,  th e  3R a m p l i f i e r  
feedback  r e s i s t o r  i s  changed t o  R. The l a d d e r  network i s  no lo n g e r  
sym m etr ica l ,  so  i t  i s  n e c e s s a r y  t o  dem ons t ra te  t h a t  t h i s  
arrangement w i l l  work.
With th e  MSB h igh  and a l l  the  o t h e r  b i t s  low, t h e  o u tp u t  v o l t a g e  i s  
as  p r e v io u s ly :
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The o t h e r  r e s i s t o r s  connec ted  t o  th e  v i r t u a l  e a r t h  have no e f f e c t  
as  t h e y  a r e  a l l  connec ted  t o  zero  v o l t s  a t  t h e i r  o t h e r  ends .  With 
th e  second MSB h igh  and t h e  r e s t  low, th e  v o l t a g e  a t  node 2 
(F igu re  6 .3 )  w i l l  be:
Vnode 2 = vr e f * j * £  = ^ ref>’
s in c e  th e  impedance t o  th e  l e f t  o f  the  node 2 remains  2R and th e  
p a r a l l e l  combination  o f  R and 2R i s  |J L  The g a in  of  th e  a m p l i f i e r
from node 2 i s  u n i t y ,  so  t h e  o u tp u t  v o l t a g e  i s  ^ r e f  as  b e f o r e .
With t h e  t h i r d  MSB h igh  and t h e  r e s t  low, the  v o l t a g e  a t  node 3
w i l l  be as shown in  F ig u re  6 .4 .  The impedance from node 2 t o
ground i s  ^  and t h e  impedance from node 3 t o  ground i s
2R//5J! = 1£5 . The v o l t a g e  a t  node 3 i s :3 11 -
V _ \t 10 _ u 5 node 3 r e f *32 r e f *TF*
The v o l t a g e  a t  node 2 i s :
V -  v 5 2 3  _ vr p fnode 2 " vr e f ' u ' T - 5  8
The ga in  o f  the  a m p l i f i e r  from node 2 i s  u n i t y ,  t h e r e f o r e  th e  
o u tp u t  v o l t a g e  i s :
v out  " I r e f -
The p rocess  can be con t inued  t o  show t h a t  each b i t  on t h e  l a d d e r  
has  e x a c t l y  t h e  same w e ig h t in g  as b e f o r e .
An i n c i d e n t a l  advantage o f  u s in g  th e  R-2R la d d e r  network i n  t h i s  
way i s  t h a t  i t  i s  more e l e c t r i c a l l y  e f f i c i e n t .  The p r o p o r t i o n  of
c u r r e n t  r e a c h in g  the  o u tp u t  of  the  l a d d e r  from a g iven  b i t  i s
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always h ig h e r  w i th  t h i s  m od i f ied  l a d d e r ;  w i th  t h e  MSB h igh  a l o n e ,  
100/5 o f  the  c u r r e n t  a r r i v e s  a t  t h e  o u t p u t ,  compared w i th  50$ f o r  
th e  c o n v e n t io n a l  a r rangem ent .
The main advantage o f  t h i s  m od i f ied  a r rangem en t ,  however,  i s  t h a t  
any o f  t h e  nodes on t h e  l a d d e r  can be used as  t h e  o u t p u t ,  so  long  
as a l l  the  b i t s  h ig h e r  up th e  l a d d e r  than  th e  o u tp u t  node a r e  low. 
As long  as t h i s  c r i t e r i o n  i s  m a in ta in e d ,  f o r  ev e ry  node t h a t  t h e  
ou tpu t  i s  moved down the  l a d d e r ,  the  o u tp u t  c u r r e n t  i s  doub led .  
Moving f i v e  b i t s  down t h e  l a d d e r  l e a d s  t o  an i n c r e a s e  i n  o u tp u t  
c u r r e n t  o f  2 5 , about  30 dB.
The va lue  f o r  R i s  chosen so  t h a t  th e  maximum c u r r e n t  from the  
l a d d e r ,  tw ic e  t h a t  due t o  t h e  MSB a l o n e ,  i s  eq u a l  t o  th e  upper  
l i m i t  of  inpu t  t o  th e  fo l l o w i n g  s t a g e ,  assuming t h a t  c u r r e n t  
consumption l i m i t a t i o n s  a r e  n o t  imposed.  I n  o rd e r  t o  minimize t h e  
number of  t a p s  on th e  l a d d e r ,  t o  s i m p l i f y  the  c o n t r o l  c i r c u i t r y ,  
th e  p o s i t i o n s  of  th e  t a p s  a re  chosen so  t h a t  th e  change in 
m a g n i f i c a t i o n  between s u c c e s s iv e  t a p s  co r responds  to  j u s t  l e s s  than  
t h e  dynamic range  of  t h e  fo l l o w i n g  s t a g e .
The maximum a m p l i f i c a t i o n  p o s s i b l e  i s  when th e  analogue  i n t e g r a t o r  
i s  used as a t a p .  In  t h i s  c a s e ,  t h e  node where t h e  i n t e g r a t o r  
couples  t o  th e  l a d d e r  w i l l  no t  give t h e  c o r r e c t  c u r r e n t ;  i t  w i l l  in  
f a c t  give h a l f  t h a t  r e q u i r e d .  To o b t a i n  t h e  c o r r e c t  c u r r e n t ,  t h e  
f e e d  could  be ta ken  d i r e c t  from the  i n t e g r a t o r ’ s low impedance 
o u tp u t  v i a  a r e s i s t o r  of va lue  R. A more e f f i c i e n t  app roach  would 
be t o  s p l i t  the  2R r e s i s t o r  which couples  the  i n t e g r a t o r  t o  t h e  
l a d d e r  i n t o  two s e p a r a t e  r e s i s t o r s  of  va lue  R. The t a p  
co r respond ing  t o  u s ing  the  i n t e g r a t o r  a lone  would t h e r e f o r e  be t h e
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midpoin t  of  t h e s e  r e s i s t o r s .  A f u r t h e r  advan tage  would be t h a t  i f  
a m o n o l i th i c  r e s i s t o r  pack o f  the  l a d d e r  network were made, t o  
ensure  good matching and the rm al  t r a c k i n g  of  t h e  r e s i s t o r s ,  a t a p  
i n  t h i s  p o s i t i o n  would a l s o  s e rv e  as the  co n n ec t io n  p o i n t  f o r  
ca s c a d in g  s e v e r a l  ne tworks  t o g e t h e r .
To op t im ize  t h e  c u r r e n t  from the  l a d d e r ,  t h e  t a p  g iv i n g  th e  h i g h e s t  
a m p l i f i c a t i o n  i s  s e l e c t e d  u n t i l  a b i t  beyond t h e  t a p  in  use goes 
h ig h ,  a t  which p o in t  th e  n e x t  h ig h e r  t a p  i s  s e l e c t e d ,  and so  on 
u n t i l  t h e  s h i f t  r e g i s t e r  i s  f u l l .  Such c o n t r o l  can be performed 
u s in g  f a i r l y  s im ple  l o g i c  and s w i t c h i n g .
The way in  which th e  exce ss  ga in  compensation i s  a p p l i e d  i s  
com ple te ly  dependent  upon th e  type  o f  s t a g e  which fo l lo w s  the  
enhanced i n t e g r a t o r .  I f  t h e  s t a g e  fo l l o w in g  t h e  enhanced 
i n t e g r a t o r  i s  a l o g a r i t h m i c  a m p l i f i e r ,  a s  i t  i s  i n  an L m e te r ,“ m
th e  a u t o - r a n g i n g  system i s  e a s i e s t  t o  implement and i s  most u s e .  
The a u to - r a n g in g  c i r c u i t r y  h e l p s  op t im ize  th e  l a r g e  dynamic range  
of  t h e  i n t e g r a t o r  f o r  t h e  l o g a r i t h m i c  a m p l i f i e r ’ s r e l a t i v e l y  smal l  
dynamic r a n g e ,  and t h e  m a g n i f i c a t i o n  o f  the  in p u t  c u r r e n t  t o  t h e  
l o g a r i t h m i c  a m p l i f i e r  causes  a s imple l e v e l  s h i f t  i n  t h e  o u t p u t  
which i s  easy  t o  compensa te.  The s i t u a t i o n  i s  even b e t t e r  when 
c a l c u l a t i n g  a param ete r  such as  L , which i s  d e r iv e d  from two 
s i g n a l s  on ly ,  dose and t im e ,  which a f f e c t  th e  computed param ete r  i n  
o p p o s i t e  s e n s e s .  In  t h e s e  c a s e s  i t  i s  p o s s i b l e  t o  a r r a n g e  f o r  two 
l a d d e r  networks t o  sw i tch  synchronous ly  so t h a t  no f u r t h e r  
compensat ion  i s  r e q u i r e d .  The t a p  on t h e  l a d d e r s  be ing  used  would 
be de termined  by th e  s h i f t  r e g i s t e r  w i th  th e  l a r g e s t  accumula ted  
c o u n t .
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Elapsed Time In teg ra to r
The e l a p s e d  t ime i s  r e q u i r e d  a s  an analogue s i g n a l ,  so  t h e  most 
obvious  way t o  measure i t  i s  . t o  employ t h e  same i n t e g r a t o r  and 
s h i f t  r e g i s t e r  combinat ion  as used i n  th e  dose i n t e g r a t o r .  The 
in p u t  t o  t h e  i n t e g r a t o r  i s  a c o n s t a n t  c u r r e n t  whose va lue  can a l t e r  
the  s c a l e  o f  the  f i n a l  Le q , b u t ,  s in c e  such a f a c i l i t y  a l r e a d y  
e x i s t s  by u s in g  th e  r e f e r e n c e  c u r r e n t  t o  th e  a n t i l o g a r i t h m  s t a g e ,  
a l l  t h a t  i s  r e q u i r e d  o f  the  e l a p s e d  t ime i n t e g r a t o r  i s  t h a t  th e  
ramp speed should  be s t a b l e .  The v a lu e  f o r  th e  c o n s t a n t  c u r r e n t  
and th e  s i z e  o f  the  c a p a c i t o r  a r e  chosen so as t o  minimize le akage  
and o f f s e t  e r r o r s  and d r i f t .
The L o g -ra tio  C ircu it  & th e A uto-ranging Output C ircu it
The dose and t ime in fo rm a t io n  a r e  a v a i l a b l e  as con t inuous  ana logue  
s i g n a l s ,  so L0q can be computed by t a k i n g  th e  lo g a r i t h m  of  dose 
d iv ided  by t ime .  I t  i s  u su a l  t o  do d i v i s i o n  of  ana logue  s i g n a l s  by 
t a k i n g  th e  lo g a r i th m  of  each s i g n a l ,  s u b t r a c t i n g  one from the  o t h e r  
and then  a n t i l o g g i n g  t h e  r e s u l t .  S ince  Le q i s  s p e c i f i e d  on a 
l o g a r i t h m i c  s c a l e ,  t h e  a n t i l o g g i n g  can be o m i t t e d ,  and th e  
d i f f e r e n c e  between t h e  lo g  of  t h e  two i n t e g r a l s  i s  L_ .
In  a l l  p u b l i sh e d  a p p l i c a t i o n  n o te s  f o r  l o g - r a t i o  c i r c u i t s ,  t h e  
f u n c t i o n  i s  g e n e ra te d  e x p l i c i t l y  and s e r i a l l y ,  a s  above .  A new 
approach has  been d ev i sed  as  p a r t  o f  t h i s  p r o j e c t ,  i n  which i n s t e a d  
of  f e e d in g  each  s i g n a l  i n t o  i t s  own l o g a r i t h m i c  a m p l i f i e r ,  each  
w i th  a s e p a r a t e  r e f e r e n c e  c u r r e n t ,  th e  two s i g n a l s  a r e  f e d  i n t o  
o p p o s i t e  s i d e s  of  t h e  same l o g a r i t h m i c  a m p l i f i e r ,  a s  shown in  
F ig u re  6 .5 .  The r e f e r e n c e  c u r r e n t  normal ly  s u p p l i e d  t o  one i n p u t  









o th e r  s i g n a l  has a v a ry in g  r e f e r e n c e .  The range o f  in p u t  s i g n a l s  
which t h i s  m odi f ied  l o g - r a t i o  c i r c u i t  can a c c e p t  i s  abou t  double 
( the  number of  dB) which th e  b a s i c  c i r c u i t  can a c c e p t .  A t a b l e  o f  
t h e  r e s u l t s  of  a t e s t  on t h e  l o g - r a t i o  c i r c u i t  o f  F igu re  6.5  i s  
shown i n  Table  6 .1 .  With bo th  i n p u t s  a l lowed  t o  move over  t h e i r  
ex treme r a n g e s ,  a dynamic r an g e  f o r  t h e  l o g - r a t i o  c i r c u i t  of  150 dB 
i s  o b t a i n e d .
The a u t o - r a n g in g  c o n t r o l  c i r c u i t r y  op t im iz e s  the c u r r e n t  i n t o  the  
l o g a r i t h m i c  a m p l i f i e r  so t h a t  i t  i s  o p e r a t i n g  w i th  as h ig h  an in p u t  
c u r r e n t  as  p o s s i b l e .  The c o n t r o l  c i r c u i t r y  performs t h i s  f u n c t i o n  
by s e l e c t i n g  th e  a p p r o p r i a t e  t a p  on t h e  l a d d e r  ne twork ,  such t h a t  
th e  maximum o u tp u t  c u r r e n t  i s  a v a i l a b l e  but  so t h a t  each b i t  on t h e  
l a d d e r  network m a in ta in s  i t s  c o r r e c t  w e ig h t in g .  The n e c e s s a r y  
a l g o r i th m  i s  d i s c u s s e d  i n  t h e  s e c t i o n  on th e  a u t o - r a n g i n g  l a d d e r  
ne twork .
The op t im ized  o u tp u t  of  the  l o g a r i t h m i c  a m p l i f i e r  r e p r e s e n t s  the  
c o r r e c t l y  s c a l e d  va lu e  o f  Le q , so  t h a t  a c o n v e n t io n a l  v o l t m e t e r  can 
be used as  the  d i s p l a y  d e v i c e .
The performance o f  the  h y b r id  ISLM i s  summarized i n  th e  I n s t i t u t e  
o f  A cous t ic s  paper which i s  c o n ta in e d  w i t h i n  Appendix D. The 
h y b r id  in s t ru m e n t  shows an improvement over o th e r  com mercia l ly  
a v a i l a b l e  in s t ru m e n ts  and dem ons t ra te s  t h a t  a p r e c i s i o n  grade  
i n s t r u m e n t ,  as  d e f in e d  i n  the  d r a f t  s t a n d a r d ,  can be produced .
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Lef t /dB Right/dB O utpu t /V o l t s Error /dB
0 0 0^001 +0.02
0 -10 -0 .498 +0.04
0 -20 -1 .000 0 .0
0 “30 -1 .502 -0 .04
0 -40 -2 .003 -0 .06
0 -50 -2 .507 -0 .14
0 -60 -3 .010 oOJ•01
0 “70 -3 .518 -0 .3 6
0 0 0.001 +0.02
-10 0 0.498 -0 .0 4
-20 0 1.000 0 .0
“30 0 1.501 +0.02
-no 0 2.002 +0.04
-50 0 2.504 +0.08
-60 0 3.005 +0.10
-70 0 3.501 +0.02
-80 0 3.980 -0 .4 0
TABLE 6.1 L o g - r a t i o  C i r c u i t  Performance
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CHAPTER SEVEN
MICROPROCESSOR BASED INTEGRATING SOUND LEVEL METER
The p r e v i o u s  c h a p t e r s  h i g h l i g h t e d  t h e  a n a l o g u e  and h y b r i d  i n s t r u m e n t  
development and showed how d i s c r e t e  s t a g e s  were deve loped  and e v a l u a t e d .  
Th is  b a s i s  w as  n e c e s s a r y  f o r  t h e  d e v e l o p m e n t  o f  a  c o m p l e t e  
m ic ro p ro c e s s o r -b a se d  in s t ru m e n t .  This  c h a p te r  d e s c r i b e s  development and 
e v a l u a t i o n  o f  t h e  i n t e g r a t i n g  so u n d  l e v e l  m e t e r  and s how s  t h a t  i t  i s  
f e a s i b l e  t o  d e s i g n  a m i c r o p r o c e s s o r - b a s e d  i n s t r u m e n t  w i t h  e n h a n c e d  
c a p a b i l i t i e s .  As w i t h  t h e  h y b r i d  i n s t r u m e n t ,  t h e  p e r f o r m a n c e  o f  t h e  
c o n s t i t u e n t  e l e m e n t s  can be o p t i m i z e d  t o  m e e t  a w ide  v a r i e t y  o f  
demanding d es ign  c r i t e r i a .
7.1 Background D esign C onsiderations
The p r o b l e m s  o f  d e s i g n i n g  an  a n a l o g u e  ISLM a r e  t h a t  a t o t a l l y  
d i g i t a l  s o l u t i o n  based on m ic ro p ro c e s s o r  t e chno logy  r e p r e s e n t s  an 
i m p r a c t i c a l  a p p r o a c h .  T h i s  i s  e v i d e n t  by c o n s i d e r i n g  t h a t  t o  
per fo rm  A-D co n v e r s io n  on t h e  in p u t  s i g n a l  r e q u i r e s  abou t  19 or  20 
b i t  r e s o l u t i o n  on t h e  c o n v e r t e r .  Even i f  i t  w e re  p o s s i b l e  t o  
perform t h e  r e q u i r e d  a c c u r a c y  o f  c o n v e r s i o n  i n  a s h o r t  enough  
p e r io d ,  t h e  s u b s e q u e n t  p r o c e s s i n g  o f  such  a l a r g e  d i g i t a l  w ord  i s  
beyond t h e  s c o p e  o f  t h o s e  c u r r e n t  m i c r o p r o c e s s o r s  w h ic h  can  be 
c o n s id e r e d  f o r  i n c l u s i o n  i n  a h a n d - h e l d  i n t e g r a t i n g  s o u n d  l e v e l  
meter .  T h i s  i s  e x a c e r b a t e d  by t h e  f u r t h e r  r e q u i r e m e n t  t o  s q u a r e  
the  i n p u t  s i g n a l .
Having a s s e s s e d  a n d  r e j e c t e d  t h e  a p p r o a c h  i n v o l v i n g  d i r e c t  
c o n v e r s io n  of  t h e  i n p u t  s i g n a l ,  i t  was n e c e s s a r y  t o  c o n s i d e r  where 
t o  i n c o r p o r a t e  t h e  m i c r o p r o c e s s o r  i n  t h e  i n t e g r a t i n g  sound l e v e l
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meter  s u e h  t h a t  i t  c o u l d  o f f e r  p e r f o r m a n c e  i m p r o v e m e n t s  o v e r  t h e  
hy b r id  i n s t r u m e n t .  Although th e  performance  o f  the  h y b r id  ISLM i s  
c a p a b le  of  mee t ing  t h e  env isaged  p r e c i s i o n  grade s t a n d a r d ,  i t  has  
l i m i t a t i o n s  i n  t h e  p o s s i b l e  l o s s  o f  d o s e  i n f o r m a t i o n  d u r i n g  
i n t e g r a t o r  s w i tc h b a c k  and i n  th e  p o s s i b l e  d r i f t  i n  t h e  l o g a r i t h m i c  
a m p l i f i e r s  a t  ex t reme t e m p e r a t u r e s .  A f u r t h e r  advantage t o  a c c ru e ,  
i f  t h i s  l a t t e r  s t a g e  w e r e  r e p l a c e d  by a m i c r o p r o c e s s o r  s y s t e m ,  
would be th e  e l i m i n a t i o n  o f  the  t i m e  consuming s e t t i n g  up p rocedure  
which i s  r e q u i r e d  t o  o b t a i n  o p t i m u m  p e r f o r m a n c e  f r o m  t h e  
l o g a r i t h m i c  a m p l i f i e r s .  The m i c r o p r o c e s s o r  s h o u l d  t h e r e f o r e  be 
r e s p o n s i b l e  f o r  t h e  s i g n a l  p r o c e s s in g  a f t e r  the  proven 21ogV-alog 
c i r c u i t ,  which was deve loped  a s  p a r t  of  the  analogue L m e te r .
To f e e d  a s i g n a l  p r o p o r t i o n a l  t o  t h e  s q u a r e  o f  t h e  m ic r o p h o n e  
v o l t a g e  i n t o  th e  m ic ro p ro c e s s o r  i n v o lv e s  some form of  analogue t o  
d i g i t a l  convers ion .  S e v e ra l  d i g i t i z i n g  t e c h n iq u e s  were c o n s id e re d ;  
each r e q u i r i n g  some form of  i n t e g r a t i o n  t o  c o n d i t i o n  th e  s i g n a l .
A s t r a i g h t  a d a p t a t i o n  of  th e  a n a l o g u e  i n t e g r a t o r  w i t h  s w i t c h b a c k  
c i r c u i t  would  l e a d  t o  a c u r r e n t  t o  f r e q u e n c y  c o n v e r t e r .  N e i t h e r  
th e  p r e c i s i o n  and l i n e a r i t y  of  t h e  ramp, nor  th e  p o s s i b l e  d e l a y  i n  
swi tchback ,  would d e t r a c t  from the  per formance  o f  such a c o n v e r t e r ,  
so  long  as  the  c u r r e n t  t o  f requency  r e l a t i o n s h i p  were  l i n e a r .  As 
with  t h e  h y b r i d  s y s t e m ,  e a c h  c o u n t  would  r e p r e s e n t  a quan tum  o f
dose,  so  t h e  t o t a l  coun t  f e d  i n t o  t h e  L m e te r  would r e p r e s e n t  t h e“ 4
t o t a l  d o s e .  The d i s a d v a n t a g e  o f  such  a s y s t e m  w ould  be t h a t  i n  
o r d e r  t o  a c h i e v e  s u f f i c i e n t  r e s o l u t i o n  o f  a low l e v e l  i n p u t  a f t e r  a 
s h o r t  p e r io d ,  th e  i n t e g r a t o r  would have t o  o p e r a t e  over a range  o f  
about  10 Hz t o  10 MHz (60 dB). As t h e  t y p i c a l  i n s t r u c t i o n  c y c l e  
t ime o f  c u r r e n t l y  a v a i l a b l e  m i c ro p ro c e s s o r s  i s  g r e a t e r  t h a n  1 yS,
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i t  was c l e a r  t h a t  s u c h  a c u r r e n t  t o  f r e q u e n c y  c o n v e r t e r  was  n o t  a 
v i a b l e  s o l u t i o n .
A f u r t h e r  development of  the  c u r r e n t  t o  f requency  c o n v e r t e r  system 
would be t o  o p e r a t e  th e  c o n v e r t e r  a t  a much s low er  speed  and use  an 
A-D c o n v e r t e r  t o  r e s o l v e  t h e  a c t u a l  v o l t a g e  o f  t h e  r a m p  when 
r e q u i r e d  f o r  c a l c u l a t i o n  purposes .  This  would be e s s e n t i a l l y  th e  
same as the  h y b r id  ISLM sys tem,  bu t  w i th  t h e  m ic ro p ro c e s s o r  t a k i n g  
o ve r  t h e  f u n c t i o n  of  t h e  s p e c i a l  R-2R l a d d e r  ne tw ork  and t h e  a u t o ­
ra n g in g  c i r c u i t r y .  A l th o u g h  t h e  p o s s i b l e  d r i f t  p r o b l e m s  o f  t h e  
l o g a r i t h m i c  a m p l i f i e r s  wou ld  be o v e rco m e  by t h i s  a r r a n g e m e n t ,  i t  
would r e i n t r o d u c e  p r o b l e m s  a s s o c i a t e d  w i t h  s w i t c h b a c k  o f  t h e  
i n t e g r a t o r  and  w o u ld  n e e d  a r e l a t i v e l y  c o m p le x  h a r d w a r e  and 
s o f tw are  c o n f i g u r a t i o n .
The s o l u t i o n  w h ic h  was f i n a l l y  a d o p t e d  f o r  i n c o r p o r a t i n g  t h e  
m ic rop rocesso r  i n t o  t h e  ISLM was  a g a i n  b a s e d  on t h e  o r i g i n a l  
analogue i n t e g r a t o r .  I n s t e a d  o f  s w i t c h i n g  back  t h e  i n t e g r a t o r  
a f t e r  t h e  o u tp u t  has  r e ac h ed  a p r e s e t  l e v e l ,  a s  i n  th e  h y b r i d  ISLM, 
th e  m i c r o p r o c e s s o r  i s  u s e d  t o  i m p l e m e n t  a c h a r g e - b a l a n c i n g  
a lgo r i thm .  The a d v a n t a g e  o f  c h a r g e - b a l a n c i n g  i s  t h a t  t h e r e  i s  no 
l o s s  of  dose i n f o r m a t i o n  so long  a s  the  i n t e g r a t o r  o u tp u t  does no t  
s a t u r a t e ,  i e  e n s u r i n g  t h a t  t h e  i n v e r t i n g  i n p u t  o f  t h e  i n t e g r a t o r  
remains  a t  a v i r t u a l  e a r t h .
O utline S tra tegy  fo r  the Instrum ent
The d i g i t a l  acc u m u la t io n  o f  dose i n f o r m a t i o n ,  which i n  t h e  h y b r id  
ISLM was r e p r e s e n t e d  by t h e  number of  t i m e s  t h e  i n t e g r a t o r  had been 
r e s e t ,  i s  p e r f o r m e d  by t h e  m i c r o p r o c e s s o r  c o u n t i n g  how many 
d i s c r e t e  q u a n t a  o f  c h a r g e  i t  h a s  i n j e c t e d  i n t o  t h e  i n t e g r a t o r  t o
r e s t o r e  th e  ba lance  c o n d i t i o n s .  The m ic ro p ro c e s s o r  has  t o  per fo rm 
a r e l a t i v e l y  s i m p l e  c o n t r o l  f u n c t i o n  and  r e q u i r e s  o n l y  s i m p l e  
i n t e r f a c i n g  between i t s e l f  and t h e  i n t e g r a t o r .
The quantum of charge  i s  de te rm ine d  by th e  m ic ro p ro ce s s o r  s w i t c h i n g  
on a c o n s t a n t  c u r r e n t  source  f o r  a p r e s e t  p e r io d .  To g e t  adequa te  
r e s o l u t i o n  of  a low l e v e l  s i g n a l  a f t e r  a s h o r t  p e r io d  s u g g e s t s  t h a t  
e i t h e r  th e  c u r r e n t  source  i s  s m a l l  or  th e  on p e r io d  i s  s h o r t .  Th is  
i s  c o n t r a r y  t o  t o  t h e  r e q u i r e m e n t  o f  a much l a r g e r  quantum needed 
to  b a l a n c e  h i g h  l e v e l  s i g n a l s  o c c u r r i n g  o v e r  l o n g  p e r i o d s .  To 
cover  t h i s  r a n g e  o f  r e q u i r e m e n t s ,  b u t  w i t h o u t  r e i n t r o d u c i n g  t h e  
dynamic range  problems of  the  c u r r e n t  t o  f requency  c o n v e r t e r ,  two 
o r  more c o n s t a n t  c u r r e n t  s o u rc e s  have been used.  The r a t i o  be tween 
the  c u r r e n t s  was c h o s e n  t o  be 2 8 a s  t h i s  makes  t h e  d o s e  r e g i s t e r  
s t r u c t u r e  r e l a t i v e l y  s imple .  To f u l f i l  commercial  r e q u i r e m e n t s  of 
the  c o l l a b o r a t i n g  body, the  i n i t i a l  m ic ro p ro c e s s o r -b a s e d  i n s t r u m e n t  
was d e s i g n e d  t o  m e e t  an  i n d u s t r i a l  g r a d e  s p e c i f i c a t i o n .  A l t h o u g h  
t h i s  would i n i t i a l l y  p rec lu d e  d i r e c t  comparison  w i t h  t h e  p r e c i s i o n  
grade  h y b r id  i n s t r u m e n t ,  i t  o f f e r e d  th e  c h a l l e n g e  of  o p t i m i z i n g  t h e  
analogue  s t a g e s  a g a i n s t  a d i f f e r e n t  s e t  o f  c r i t e r i a .  I t  s o o n  
became e v i d e n t  t h a t  t h e  o v e r a l l  s y s t e m  p e r f o r m a n c e  was  s t r o n g l y  
in f l u e n c e d  by t h e  a n a l o g u e  s t a g e s  and  t h e r e f o r e  t h e  s o f t w a r e  
developed  f o r  an i n d u s t r i a l  g rade  ISLM would be e a s i l y  a d a p t a b l e  to  
more s t r i n g e n t  r e q u i r e m e n t s  a t  a l a t e r  d a t e .  The p a r t i c u l a r  
r e q u i re m e n t  was  f o r  an e d u c a t i o n a l  i n s t r u m e n t ,  an a p p l i c a t i o n  o f  
p a r t i c u l a r  i n t e r e s t  t o  the  au th o r .
For t h e  i n d u s t r i a l  g r a d e  m e t e r ,  t h e  d o s e  r e g i s t e r  c o n s i s t s  o f  a 
t h r e e - b y t e  word. The major t a s k  of  t h e  ISLM i s  now t o  p ro c e s s  t h i s  
word by d i v i d i n g  by th e  e l a p s e d  t i m e  and t a k i n g  th e  l o g a r i t h m .  The
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problem o f  t a k i n g  t h e  l o g a r i t h m  o f  a t h r e e - b y t e  (or  g r e a t e r )  word 
i s  the  more demanding o f  the  two prob lem s,  a s  the  d i v i s i o n  can be 
implemented by s u b t r a c t i n g  th e  l o g a r i t h m s  of  t h e  two q u a n t i t i e s .
Logar i thm ic  co n v e r s io n  would n o t  n o rm a l ly  be a t t e m p t e d  on an 8 - b i t  
m ic ro p ro ces s o r  s i n g l e  c h i p  s y s t e m ,  a s  t h e r e  i s  i n s u f f i c i e n t  
p r o c e s s in g  power t o  per fo rm the  power s e r i e s  a p p ro x im a t io n s  u s u a l l y  
employed. An a l g o r i t h m  has  been developed  as p a r t  of  t h i s  work f o r  
per fo rm ing  l o g a r i t h m i c  c o n v e r s i o n  w i t h i n  t h e  s i n g l e - c h i p  
m ic roprocesso r .  The t e c h n i q u e  h a s  n o t  been  s e e n  e l s e w h e r e  by t h e  
au tho r  o r  t h e  s u p e r v i s o r s ,  b u t  t h e  m e th o d  i s  p o w e r f u l  and s h o u l d  
f i n d  many a p p l i c a t i o n s  i n  s i g n a l  p r o c e s s in g  where i t  i s  n e c e s s a r y  
to  c o m p r e s s  o r  e x p a n d  a n  M b y t e  w o r d  i n t o  an  N b y t e  w o r d  
l o g a r i t h m i c a l l y .
In  t h e  p a r t i c u l a r  a p p l i c a t i o n  o f  the  i n d u s t r i a l  grade m e te r ,  i t  i s  
n e c e s s a r y  t o  c o m p r e s s  a p o s s i b l e  t h r e e  b y t e  word  i n t o  a s i n g l e  
by te .  The a l g o r i t h m  r e l i e s  on t h e  e q u i v a l e n c e  o f  r o t a t i n g  a b i t  
p a t t e r n  t o  l e f t  and m u l t i p l y i n g  by two. Th is  r e s u l t s  in  an o f f s e t  
a d d i t i o n  o r  s u b t r a c t i o n  t o  the  f i n a l  l o g a r i t h m .  The p a r t i c u l a r  b i t  
p a t t e r n  t h a t  e x i s t s  i s  r o t a t e d  l e f t  u n t i l  i t  i s  f u l l y  l e f t  han d  
j u s t i f i e d .  The m o s t  s i g n i f i c a n t  e i g h t  b i t s  a r e  t h e n  u s e d  t o  f o r m  
the  a d d r e s s  f o r  a l o o k - u p  t a b l e .  The r e s u l t a n t  l o g a r i t h m  i s  
a d j u s t e d  t o  account  f o r  th e  number of  n o n -ze ro  b y te s  and t h e  number 
of  r o t a t i o n s  p e r f o r m e d .  The l o o k - u p  t a b l e  o n l y  n e e d s  t o  c o n t a i n  
128 v a l u e s ,  co r r e s p o n d in g  t o  a d d re s s e s  8 0 16 t o  FF16.
Having a c q u i r e d  t h e  l o g a r i t h m  o f  b o t h  d o s e  and  t i m e ,  and h a v i n g  
s u b t r a c t e d  th e  lo g a r i t h m  of the  e l a p s e d  t i m e  from t h a t  of  dose ,  i t  
i s  a s im p le  m a t t e r  t o  make t h e  r e s u l t  a v a i l a b l e  on an  o u t p u t  p o r t
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so t h a t  a s u i t a b l e  d i s p l a y  dev ice  can be d r iv e n .
D eta iled  C ir c u it  D escr ip tion
The f r o n t  end o f  the  i n s t r u m e n t ,  r a n g in g ,  w e ig h t in g  and g a in  s t a g e s  
i n c l u d i n g  t h e  g e n e r a t i o n  o f  2 l o g  V a r e  d e r i v e d  f ro m  t h o s e  o f  t h e  
h y b r id  ISLM. The subsequen t  a n t i l o g a r i t h m i c  s t a g e  i s  s i m i l a r  but  
unswi tched  and  t h e  u n i t s  d i v e r g e  a t  t h e  i n t e g r a t o r .  I n  t h e  
m ic ro p ro c e s s o r -b a se d  i n s t r u m e n t  a c h a r g e - b a l a n c i n g  i n t e g r a t o r  i s  
used .
7 .3 .1  Charge Balancing  I n t e g r a t o r
The o u t p u t  c u r r e n t  f rom  t h e  a n t i l o g  t r a n s i s t o r  e m i t t e r  i s  
f ed  i n t o  t h e  summing j u n c t i o n  o f  t h e  c h a r g e - b a l a n c i n g  
i n t e g r a t o r ,  F i g u r e  7.1.  T h i s  i n t e g r a t o r  i s  e s s e n t i a l l y  t h e  
same as t h a t  used i n  th e  h y b r i d  i n s t r u m e n t ,  b u t  i s  no t  based 
on t h e  p r i n c i p l e  o f  a l l o w i n g  t h e  v o l t a g e  a c r o s s  t h e  
i n t e g r a t i o n  c a p a c i t o r  ’C’, F i g u r e  7.1 , t o  b u i l d  up  t o  a 
f i n i t e  va lue  b e fo re  s w i t c h i n g  back th e  i n t e g r a t o r .  I n s t e a d  
th e  a c t i o n  o f  t h e  a n t i l o g  t r a n s i s t o r  c u r r e n t ,  w h i c h  i s  
a t t e m p t in g  t o  r a m p  t h e  o u t p u t  o f  t h e  i n t e g r a t o r  i n  a 
p o s i t i v e  d i r e c t i o n ,  i s  b a l a n c e d  by a s w i t c h e d  c o n s t a n t  
c u r r e n t ,  u n d e r  t h e  c o n t r o l  o f  a m i c r o p r o c e s s o r ,  w h ic h  a c t s  
in  t h e  o p p o s i t e  s e n s e  so  a s  t o  m a i n t a i n  t h e  i n t e g r a t o r  
ou tpu t  as  near  zero  v o l t s  as  p o s s i b l e .
The c r i t i c a l  p a r a m e t e r s  a f f e c t i n g  t h e  p e r f o r m a n c e  o f  t h e  
c i r c u i t  a r e :  t h e  i n p u t  b i a s  c u r r e n t  o f  t h e  o p e r a t i o n a l
a m p l i f i e r ,  t h e  l e a k a g e  c u r r e n t  o f  t h e  a n t i l o g  t r a n s i s t o r ,  
the  p r i n t e d  c i r c u i t  b o a r d  l e a k a g e ,  t h e  l e a k a g e  o f  t h e  








t h e  i n p u t  c u r r e n t s .  The o f f s e t  v o l t a g e  o f  t h e  o p e r a t i o n a l  
a m p l i f i e r  i s  n o t  p a r t i c u l a r l y  i m p o r t a n t  a s  t h e  i n t e g r a t o r  
w i l l  c e n t r e  on th e  o f f s e t  v o l t a g e  i n s t e a d  o f  a b s o l u t e  ze ro .  
The r an g e  of  v a l u e s  f o r  t h e  c r i t i c a l  p a r a m e te r s  can be b e s t  
de termined  by c o n s i d e r i n g  t h e  e q u i v a l e n t  ram p  s p e e d  w h ic h  
th e  h y b r i d  i n s t r u m e n t  i n t e g r a t o r  w o u ld  o p e r a t e  a t  s o  t h a t  
th e  " r e s e r v o i r ” c a p a c i t y  o f  th e  charge b a l a n c in g  i n t e g r a t o r  
can be c a l c u l a t e d .  Knowing t h a t  t h e  m i c r o p r o c e s s o r  w h ic h  
c o n t r o l s  the  s w i tc h e d  c o n s t a n t  c u r r e n t  i n t o  t h e  i n t e g r a t o r  
i s  a l s o  s a m p l i n g  t h e  s o u n d  l e v e l  f o r  t h e  L 10 and  L 90 
computa t ion ,  and t h a t  a r e a s o n a b l e  sam pl ing  r a t e  t o  c a p t u r e  
t h e  FAST r e s p o n s e  w ould  be o f  t h e  o r d e r  o f  1 0 ms,  i t  s eem s  
s e n s i b l e  t o  c h o o s e  t h e  f a s t e s t  e q u i v a l e n t  ram p  s p e e d  t o  be 
10 ms a l s o .  T h i s  i m p l i e s  t h a t  i f  t h e  L 1 0 / L 90 d a t a  
a c q u i s i t i o n  c a n  be d o n e  i n  a t i m e  w h i c h  i s  s h o r t  i n  
comparison w i t h  t h e  10 ms s a m p l i n g  r a t e ,  t h e  m a g n i t u d e  o f  
swi tched  c o n s t a n t  c u r r e n t  w i l l  be a p p ro x im a te ly  t h e  same as 
t h e  maximum c u r r e n t  from th e  a n t i l o g  t r a n s i s t o r .
Having made  a d e c i s i o n  on  t h e  m ax im um  c u r r e n t  i t  i s  
w or thwhile  t r y i n g  t y p i c a l  v a l u e s  f o r  t h e  p ow er  s u p p l y  
v o l t a g e  r a i l  and th e  i n t e g r a t i o n  c a p a c i t o r  s i z e  t o  d e t e rm in e  
whether  t h i s  d e c i s i o n  l e a d s  t o  any i n c o n s i s t e n c i e s .  I f  th e  
o p e r a t i o n a l  a m p l i f i e r  o f  t h e  i n t e g r a t o r  i s  c o n s t r a i n e d  
w i t h i n  the  u s u a l  +5 V supp ly  f o r  t h e  m i c ro p ro c e s s o r ,  and the  
l a r g e s t  p r a c t i c a l  c a p a c i t o r  s i z e  o f  0.^7 yF i s  c h o s e n ,  t h e  
maximum c u r r e n t  can be worked o u t  from I  = S u b s t i t u t i n g  
i n  t h e  v a l u e s  g i v e s  I  = 235 yA.
As t h e  d y n a m ic  r a n g e  o f  t h e  ISLM was t o  be ^0 dB and  a s  t h e
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v o l t a g e  from t h e  microphone i s  squared  be fo re  be ing  fed  i n t o  
th e  i n t e g r a t o r  a s  a c u r r e n t ,  t h e  i n p u t  c u r r e n t  t o  t h e  
i n t e g r a t o r  c o r r e s p o n d i n g  t o  t h e  b o t t o m  o f  t h e  d y n a m ic  s pan  
must t h e r e f o r e  be 235 yA x 10 _lt i e  23.5 nA. The a l g e b r a i c  
sum of  a l l  t h e  e r r o r s  p r e v io u s l y  mentioned  must t h e r e f o r e  be 
l e s s  than  t h i s ,  p r e f e r a b l y  by about  one o rd e r .
The c a p a c i t o r  l e a k a g e  p r o b l e m  i s  r e l a t i v e l y  s m a l l  a s  a 
r e s u l t  o f  the  b a l a n c in g  t e ch n iq u e  used;  i f  the  c a p a c i t o r  has  
no v o l t a g e  a c r o s s  i t ,  t h e r e  can  be no l e a k a g e  c u r r e n t .  
However, t a k i n g  t h e  w o r s t  c a s e  o f  5 v o l t s  a c r o s s  t h e  
c a p a c i t o r  and  t h e  w o r s t  c a s e  i n s u l a t i o n  r e s i s t a n c e  o f  
1010 fi, s t i l l  o n l y  g i v e s  a l e a k a g e  o f  500  pA. An 
exam ina t ion  o f  o p e r a t i o n a l  a m p l i f i e r  d a t a  s h e e t s  r e v e a l s  
t h a t  d ev i ce s  a r e  a v a i l a b l e  w i t h  picoamp in p u t  b i a s  c u r r e n t s  
a t  a r e a s o n a b l e  c o s t  co m b in e d  w i t h  f a i r l y  m o d e s t  pow er  
consumptions.  I f  t h e  p r i n t e d  c i r c u i t  b o a r d  l e a k a g e  i s  
reduced  t o  m i n i m a l  l e v e l s  by c a r e f u l  l a y o u t ,  t h e  o n l y  
r em a in ing  c r i t i c a l  p a ram ete r  i s  t h a t  of  a n t i l o g  t r a n s i s t o r  
le akage  c u r r e n t .  I n  t h e  CRL 2 .22 ,  an  i n d u s t r i a l  g r a d e  
v a r i a n t  o f  t h e  h y b r i d  d e s i g n ,  t h e  t r a n s i s t o r s  u s e d  i n  t h e  
a b s o l u t e  v a l u e  and 2 1 o g - a l o g  s t a g e s  have  a t y p i c a l  l e a k a g e  
o f  2 nA. This  i s  w i t h i n  t h e  range  de te rm in e d  by s e t t i n g  t h e  
c a p a c i t o r  s i z e ,  t h e  r a n g e  o f  c u r r e n t s  and  so  on.  I f  t h e  
a n t i l o g  t r a n s i s t o r  l e a k a g e  c u r r e n t  d i d  p r o v e  t o  be a 
problem, t h e n  t h e  r a n g e  o f  i n p u t  c u r r e n t s  c o u l d  be s h i f t e d  
upwards w i t h o u t  e x c e e d i n g  t h e  maximum c u r r e n t  f o r  t h e  
t r a n s i s t o r .  The main  d e t r i m e n t a l  e f f e c t  o f  s u c h  an  a c t i o n  
would be t o  i n c r e a s e  c u r r e n t  c o n s u m p t i o n  and  t h e r e f o r e
82
d e c re a s e  th e  b a t t e r y  l i f e  of  t h e  in s t r u m e n t .
A c o m p a r a t o r  c o n n e c t e d  t o  t h e  o u t p u t  o f  t h e  i n t e g r a t o r  
o p e r a t i o n a l  a m p l i f i e r  and  t o  t h e  z e r o  v o l t s  l i n e  d e t e c t s  
whether t h e  i n t e g r a t o r  o u t p u t  i s  p o s i t i v e  o r  n e g a t i v e  and 
s i g n a l s  t h i s  t o  t h e  m ic ro p ro c e s s o r  so  t h a t  i t  may modify i t s  
c o n t r o l  o f  t h e  s w i t c h e d  c o n s t a n t  c u r r e n t  a p p r o p r i a t e l y .  
There a r e  no p a r t i c u l a r l y  c r i t i c a l  p a r a m e t e r s ;  t h e  o f f s e t  
v o l t a g e  o f  the  com para to r  has  the  same e f f e c t  as  th e  o f f s e t  
v o l t a g e  of  t h e  i n t e g r a t o r  o p e r a t i o n a l  a m p l i f i e r ,  so  t h a t  t h e  
i n t e g r a t o r  w i l l  a c t u a l l y  b a l a n c e  a t  a v o l t a g e  e q u a l  t o  t h e  
a l g e b r a i c  sum o f  t h e  tw o  o f f s e t s .  As w i t h  any  c o m p a r a t o r ,  
th e  dev ice  must  be capab le  o f  coming o u t  o f  s a t u r a t i o n  a t  a 
r e a s o n a b l e  s p e e d ,  b u t  t h e r e  i s  no p a r t i c u l a r l y  s t r i n g e n t  
performance r e q u i r e m e n t s .
The c o n t r o l  f o r  t h i s  i n t e g r a t o r  can  t h e r e f o r e  be e f f e c t e d  
w i th  o n l y  two p a r t s  o f  t h e  m i c r o p r o c e s s o r ;  o n e  t o  r e c e i v e  
d a t a  from the  com para to r  and one t o  send i n s t r u c t i o n s  t o  t h e  
c o n s t a n t  c u r r e n t  s w i tc h .  I f  t h e  m ic ro p ro c e s s o r  r e c o r d s  how 
much c h a r g e  i t  h a s  i n j e c t e d  i n t o  t h e  i n t e g r a t o r  summing  
j u n c t i o n  t o  r e s t o r e  t h e  b a l a n c e  c o n d i t i o n ,  t h i s  w i l l  be a 
measure o f  t h e  d o s e  r e c e i v e d  by t h e  m i c r o p h o n e .  By 
measuring t h e  t im e  i n  which  t h i s  dose was r e c e i v e d ,  a  va lue  
fo r  L can be computed.
7.4  M icroprocessor C ontrol S trategy
The m ic ro p ro c e s s o r  has  s e v e r a l  f u n c t i o n s  t o  per form:
1 A c q u i s i t i o n  of  t h e  sound l e v e l  t im e  h i s t o r y  f o r  t h e  L10/ L 90
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com pu ta t ion .
2 C o n t r o l  o f  t h e  c h a r g e - b a l a n c i n g  i n t e g r a t o r  and  t h e  
r e c o r d i n g  o f  d o s e .
3 C a l c u l a t i o n  o f  L .“ 4
4 C a l c u l a t i o n  o f  L10/ L 90.
In v ie w  o f  t h e  p a r t i c u l a r  e d u c a t i o n a l  a p p l i c a t i o n ,  i t  was
co n s id e re d  p r e f e r a b l e  t o  be a b l e  t o  m e a s u r e  Le q and  L 10/ L 90 f ro m
th e  same d a t a .  This  im p l i e s  t h a t  th e  m ic ro p ro c e s s o r  would have t o
a c q u i r e  s o und  l e v e l  and  d o se  d a t a  s i m u l t a n e o u s l y .  E s t i m a t e s  o f
l i k e l y  s o f t w a r e  p r o c e s s in g  c y c l e s  showed t h a t  t h i s  was p o s s i b l e  and
t h a t  t h e  Lon c a l c u l a t i o n  could  be upda ted  c o n s t a n t l y .  However, in  e q
o rde r  t o  e x e c u t e  a l a r g e  number  o f  s t a t e m e n t s  i n  a g i v e n  p e r i o d  
n e c e s s i t a t e s  i n c r e a s i n g  t h e  m ic ro p ro c e s s o r  o p e r a t i n g  f r e q u e n c y  and 
hence i n c r e a s e  t h e  c u r r e n t  c o n s u m p t i o n .  I t  was t h e r e f o r e  n o t  
c o n s id e r e d  im p o r t a n t  t o  a t t e m p t  any L10/L 90 com puta t ion  u n t i l  t h e  
end o f  the  measurement p e r io d .
During t h e  measurement p e r io d ,  th e  m ic ro p ro c e s s o r  i s  i n  a program 
loop w h e r e  i t  a c q u i r e s  a v a l u e  o f  s o u n d  l e v e l ,  s p e n d s  a 
p rede te rm ined  p e r io d  b a l a n c in g  th e  i n t e g r a t o r  and a c c u m u la t in g  dose  
d a t a ,  makes a c a l c u l a t i o n  o f  th e  c u r r e n t  L0 q va lue  and th e n  o u t p u t s  
t h i s  v a l u e .  At t h e  e n d  o f  t h e  m e a s u r e m e n t  p e r i o d ,  t h e  
m ic rop roces so r  c a l c u l a t e s  t h e  v a l u e s  o f  L 10 and  L 90 an d  s t o r e s  
them.
7 .4 .1  Sound Level  Time H is to ry  Recording
The dc  l o g g e d  o u t p u t  f ro m  t h e  s t a n d a r d  s o u n d  l e v e l  m e t e r  
c i r c u i t r y  i s  d i g i t i z e d  and fed  i n t o  th e  m i c r o p r o c e s s o r .  An 
8 - b i t  I / O  p o r t  i s  u s e d  t o  f e e d  a b y t e  f r o m  t h e  
m ic rop rocesso r  th rough an R-2R la d d e r  ne twork  and one t o  one
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i n p u t  o f  a c o m p a r a t o r .  The o t h e r  c o m p a r a t o r  i n p u t  i s  f e d  
w i th  t h e  dc logged sound l e v e l  s i g n a l  and i t s  ou tp u t  i s  f ed  
back t o  th e  m ic ro p ro cesso r .  The com para to r  o u tp u t  s i g n a l  i s  
d e t e c t e d  by t h e  m i c r o p r o c e s s o r  w h ic h  i m p l e m e n t s  e i t h e r  a 
c oun te r  r am p  o r  s u c c e s s i v e  a p p r o x i m a t i o n  t e c h n i q u e  t o  
perfo rm t h e  A-D c o n v e r s i o n .  The a d v a n t a g e s  o f  u s i n g  t h e  
m i c r o p r o c e s s o r ’ s I /O  p o r t s  t o  p e r f o r m  t h e  D-A c o n v e r s i o n  
d i r e c t l y  an d  f e e d  t h e  c o m p a r a t o r ,  a r e  t h a t  t h e  c h i p  c o u n t  
and h e n c e  t h e  c u r r e n t  c o n s u m p t i o n  a r e  k e p t  s m a l l .  The 
convers ion  t i m e  i s  m i n i m i z e d  b e c a u s e  t h e  f i n a l  v a l u e  i s  
always in  a m ic ro p ro ces s o r  r e g i s t e r  when th e  c o n v e r s io n  i s  
com ple te .
7 . ^ . 2  Dose Data Recording
To o p t i m i z e  t h e  d y n a m ic  r a n g e  o f  t h e  Leq c a l c u l a t i o n  i t  i s
im por tan t  t h a t  t h e  m ic ro p ro c e s s o r  spends a l a r g e  p r o p o r t i o n
of i t s  t im e  c o n t r o l l i n g  th e  c h a r g e -b a l a n c i n g  i n t e g r a t o r .  I t
i s  e q u a l l y  im p o r t a n t  t h a t  a f u l l  s c a l e  in p u t  would g e n e r a t e
a l a r g e  amount o f  d a t a  over  t h e  f u l l  measurement p e r io d  so
t h a t  i f  a s i g n a l  c o r re s p o n d in g  t o  th e  bottom of  t h e  r a n g e  i s
fed  i n  t o  t h e  m e te r ,  i t  w i l l  be capab le  o f  g e n e r a t i n g  enough
d a t a  t o  a l l o w  t h e  Lon c a l c u l a t i o n  t o  be made r e a s o n a b l yc  q
a c c u r a t e l y  a f t e r  a s h o r t  p e r io d .
In  c o n t r o l l i n g  t h e  i n t e g r a t o r ,  t h e  m i c r o p r o c e s s o r  m u s t  
r e p e a t e d l y  t e s t  the  s t a t e  o f  the  com para to r  u n t i l  i t  d e t e c t s  
t h a t  an  i n p u t  t o  t h e  i n t e g r a t o r  h a s  c a u s e d  t h e  o u t p u t  t o  
ramp i n  a p o s i t i v e  d i r e c t i o n .  When s u c h  a s i g n a l  h a s  been  
r e c e i v e d ,  t h e  m ic ro p ro ces s o r  e n a b le s  t h e  s w i t c h e d  c o n s t a n t  
c u r r e n t  t o  c a u s e  t h e  i n t e g r a t o r  t o  ram p  b a c k  t o w a r d s  z e r o .
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The m ic ro p ro c e s s o r  must r e t e s t  t h e  s t a t e  of  the  com para to r  
u n t i l  t h e  s i g n a l  i s  r e c e i v e d  i n d i c a t i n g  t o  t h e  
m ic ro p ro ces s o r  t h a t  t h e  i n t e g r a t o r  o u t p u t  i s  z e r o ,  o r  v e r y  
s l i g h t l y  n e g a t i v e .  The t i m e  between t e s t i n g  and r e t e s t i n g  
t h e  s t a t e  o f  t h e  c o m p a r a t o r ,  when t h e  c u r r e n t  i s  e n a b l e d ,  
co r responds  t o  a quantum of  dose.  For each quantum of  dose,  
the  c o n t e n t s  o f  a r e g i s t e r  a r e  i n c r e m e n t e d .  A f u r t h e r  
r e g i s t e r ,  which r e c o r d s  e l a p s e d  t i m e  s in c e  th e  r e s e t  b u t t o n  
was l a s t  p r e s s e d  and h e n c e  d e t e r m i n e s  t h e  m e a s u r e m e n t  
p e r io d ,  i s  u s e d  i n  c o n j u n c t i o n  w i t h  t h i s  d o s e  r e g i s t e r  t o  
compute Le q. The s i z e  o f  d o s e  r e g i s t e r  r e q u i r e d  can  be 
de te rmined  by c o n s i d e r i n g  th e  c o n d i t i o n  o f  minimum o u tp u t  t o  
t h e  i n t e g r a t o r ,  combined w i th  t h e  r e q u i r e m e n t  f o r  a r e l i a b l e  
answer i n  a s h o r t  t i m e ,  say  10 seconds .  To ge t  w i t h i n  ±1 dB 
of t h e  f i n a l  a n s w e r ,  one  n e e d s  a t  l e a s t  10$ r e s o l u t i o n .  
T h e re fo re  a minimum o f  10 q u a n t a  m u s t  be r e c o r d e d  i n  10 
seconds  a t  the  bottom of  t h e  i n d i c a t o r  range .  The number of  
quan ta which would cor respond  t o  t h i s  a c q u i s i t i o n  r a t e  f o r  a 
number of  in p u t  s i g n a l  l e v e l s  o ve r  t h e  minimum and maximum 
measurement d u r a t i o n s  i s  shown i n  Table  7.1.
Level 0 dB 25 dB HO dB
Duration Number o f  Quanta
10 seconds 10 3.16 x 103 1 0 5
1 0 minutes 600 1.89 x 1 0 5 6 x 1 0 7
TABLE 7.1 Dose R e g i s t e r  S iz e
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I t  i s  c l e a r  t h a t  a 3 b y t e  r e g i s t e r  w ou ld  be n e e d e d  f o r  a 
c o n s t a n t  l e v e l  a t  t h e  p r o p o s e d  t o p  o f  t h e  i n d i c a t o r  r a n g e  
(25 dB), b u t  t h a t  3 b y t e s  i s  i n s u f f i c i e n t  t o  ac c o m m o d a te  a 
t o p  o f  t h e  d y n a m ic  r a n g e  s i g n a l  f o r  10 m i n u t e s .  T h i s  
measurement d u r a t i o n  was c o n s i d e r e d  t o  be a p p r o p r i a t e  f o r  
c a p t u r i n g  a r e p r e s e n t a t i v e  s a m p l e  o f  t h e  s i g n a l ,  b o t h  f o r  
measurements  and f o r  th e  s a t a t i s t i c a l  a n a l y s i s  o f  sound 
l e v e l  da ta .  The use of  a t h r e e - b y t e  r e g i s t e r  would however 
accommodate a l l  s i g n a l  l e v e l s  which would e v e n t u a l l y  r e s u l t  
in  an o n - s c a l e  r e a d i n g .
To d e t e r m i n e  t h e  t i m e  c o r r e s p o n d i n g  t o  t h e  s i z e  o f  dose  
quanta ,  one h a s  t o  d i v i d e  t h e  t o t a l  num ber  o f  c o u n t s  
co r re s p o n d in g  t o  t h e  maximum in p u t  by th e  t o t a l  measurement 
t ime:
—Qy = 104 co u n t s  per  second6 x 10
To c o m p l e t e  t h e  t e s t i n g ,  i n c r e m e n t i n g  and  an y  n e c e s s a r y  
s w i t c h i n g  in  100 ps i s  by no means i m p r a c t i c a l ,  b u t  when the  
machine c o d e  i s  d e t e r m i n e d  i t  r e q u i r e s  r u n n i n g  t h e  
m ic rop rocesso r  a t  a h i g h  s p e e d  and c o n s e q u e n t  h i g h  c u r r e n t .  
One t e c h n i q u e  w h ic h  w o u ld  r e d u c e  t h e  n e e d  f o r  s u c h  a h i g h  
d a t a  a c q u i s i t i o n  r a t e  i s  t o  u s e  tw o  s e p a r a t e  c o n s t a n t  
c u r r e n t  s o u rc e s  w i th  a known, p r e f e r a b l y  b in a ry  based ,  r a t i o  
between them. This  o p t i o n  i s  shown F igure  7.1.
The q u a n t a  o f  e a c h  n e e d  t o  be r e c o r d e d  i n  s e p a r a t e  
r e g i s t e r s ,  b u t  t h e  d a t a  a c q u i s i t i o n  r a t e  can  be r e d u c e d  
because t h e  low c u r r e n t  can be used when t h e  in p u t  from the  
a n t i l o g  t r a n s i s t o r  i s  low and s i m i l a r l y  th e  h ig h e r  c u r r e n t  
source  can be s e l e c t e d  i f  t h e  a n t i l o g  t r a n s i s t o r  o u t p u t
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c u r r e n t  i s  high.  The m ic ro p ro c e s s o r  i n i t i a l l y  chooses  t h e  
lower c o n s t a n t  c u r r e n t  and t e s t s  t o  s e e  i f  t h e  c o m p a r a t o r  
has  changed s t a t e .  I f  a f t e r  some p rede te rm ined  p e r io d  th e  
comparator  h a s  n o t  c h a n g e d  s t a t e ,  t h e n  t h e  h i g h e r  c o n s t a n t  
c u r r e n t  i s  s e l e c t e d  u n t i l  th e  com para to r  changes  s t a t e .  The 
two s e p a r a t e  d a t a  r e g i s t e r s  have  t o  be co m b in e d  t o  g i v e  an 
o v e r a l l  v a l u e  f o r  t h e  d o s e .
7 . ^ . 3  Leq C a l c u l a t i o n
As p r e v i o u s l y  d i s c u s s e d ,  i t  i s  d e s i r a b l e  f o r  Leq t o  be 
c a l c u l a t e d  f rom  t h e  d ose  and  e l a p s e d  t i m e  d u r i n g  t h e  
measurement p e r i o d  and  t o  be c o n t i n u o u s l y  u p d a t e d .  As L“  4
i s  t h e  r e s u l t  o f  t h e  l o g a r i t h m  o f  d o s e  d i v i d e d  by e l a p s e d  
t ime,  i t  appea rs  t h a t  t h e  m ic ro p ro c e s s o r  needs  t o  be capab le  
of  d i v i s i o n .  T h i s  i s  n o t  n e c e s s a r i l y  so  a s  t h e  i n d i v i d u a l  
dose and e l a p s e d  t i m e  r e g i s t e r s  can be logged and th e n  th e  
r e s u l t  of  s u b t r a c t i n g  t h e  l o g a r i t h m  of  e l a p s e d  t i m e  from th e  
l o g a r i t h m  of  dose g iv e s  the  c o r r e c t  va lue  f o r  L
The l o g a r i t h m i c  c o n v e r s io n  must condense th e  p o s s i b l e  3 -b y te  
r e g i s t e r  t o  a s c a l e  which s t i l l  a l l o w s  s m a l l  amounts o f  d a t a  
t o  have t h e i r  c o r r e c t  w e igh t ing .  The s i m p l e s t  and t h e r e f o r e  
p robab ly  t h e  q u i c k e s t  way t o  p e r f o r m  t h e  l o g a r i t h m i c  
c onve rs ion  wou ld  be t o  u s e  a l o o k - u p  t a b l e .  I t  i s  n o t  
n e c e s s a r y  t o  c o n v e r t  a l l  t h e  s i g n i f i c a n t  b i t s  o f  r e g i s t e r ,  
a s  t h i s  would l e a d  t o  an i m p r a c t i c a l l y  l a r g e  loo k -u p  t a b l e .  
To min imize th e  number of  b i t s  t o  c o n v e r t  and t o  choose th e  
a p p r o p r i a t e  b i t s ,  one  f i r s t  n e e d s  t o  d e t e r m i n e  t h e  m o s t  
s i g n i f i c a n t  b i t  o f  t h e  r e g i s t e r  w h ic h  i s  i n  t h e  h i g h  s t a t e .  
The b i t s  i n  t h e  r e g i s t e r  i m m e d i a t e l y  b e l o w  t h i s  h i g h e s t
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enab led  b i t  a lways  have th e  same w e ig h t in g  r e l a t i v e  t o  t h i s  
b i t  independen t  of  i t s  p o s i t i o n  i n  t h e  r e g i s t e r .  The number 
o f  t h e  h i g h e s t  e n a b l e d  b i t  i s  t h e r e f o r e  co m b in e d  w i t h  a 
va lue  d e r i v e d  f ro m  t h e  l o o k - u p  t a b l e  b a s e d  on t h e  b i t s  
immediately  b e lo w  i t .
The lo ok -up  t a b l e  i s  s i t u a t e d  in  ROM and oc c u p ie s  a maximum 
of  256 l o c a t i o n s  a s  t h i s  p r o v i d e s  s u f f i c i e n t  r e s o l u t i o n .  
The r e s u l t  o f  s u b t r a c t i n g  t h e  tw o  l o g g e d  r e g i s t e r s  i s  
condensed t o  l e s s  t h a n  a s i n g l e  b y t e ;  t h u s  t h e  r e s u l t  can  
be o u t p u t  v i a  an I /O  p o r t  and s u b s e q u e n t l y  c o n v e r t e d  by a 
DAC t o  a l lo w  d i s p l a y  on th e  ana logue  mete r .
7 . 4  L10 and Lqn C a l c u l a t i o n
At t h e  end  o f  t h e  m e a s u r e m e n t  p e r i o d  t h e r e  i s  an a r r a y  o f  
r e g i s t e r s  whose c o n t e n t s  c o r r e s p o n d  t o  t h e  f r e q u e n c y  o f  
occur rence  o f  e a c h  so u n d  l e v e l ,  and  a s e p a r a t e  r e g i s t e r  
which h a s  r e c o r d e d  t h e  e l a p s e d  t i m e  o r  t h e  num be r  o f  s o und  
l e v e l  samples ta ken .  The m ic ro p ro c e s s o r  then  adds th e  t o t a l  
number o f  c o u n t s  i n  e a c h  r e g i s t e r ,  s t a r t i n g  f ro m  t h e  t o p ,  
u n t i l  t h e  sum i s  e q u a l  t o  one t e n t h  o f  t h e  t o t a l  number  o f  
samples taken .  The r e g i s t e r  which c o n t a in e d  t h e  l a s t  c o u n t s  
t o  be added in  b e fo re  t h i s  c o n d i t i o n  was met r e p r e s e n t s  t h e  
va lue  o f  L 10. S i m i l a r l y ,  s t a r t i n g  f ro m  t h e  b o t t o m  o f  t h e  
a r r a y  and working upwards ,  L90 may be e v a l u a t e d .  The v a lu e s  
o f  L 10 and  L 90 a r e  s t o r e d  i n  s e p a r a t e  r e g i s t e r s  r e a d y  f o r  
a cc es s  when a r e q u e s t  i s  s i g n a l l e d  t o  t h e  m i c r o p r o c e s s o r .
In  o rd e r  t h a t  th e  c o n v e r s io n  may be per formed as  q u i c k l y  as  
p o s s i b l e  i t  i s  p o s s i b l e  t o  c o n v e r t  w i t h  l e s s  t h d n  8 - b i t
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r e s o l u t i o n .  To a c h i e v e  ±1 dB a c c u r a c y  i n  t h e  f i n a l  a n s w e r ,  
i t  i s  p o s s i b l e  t o  co n v e r t  u s in g  o n ly  6 b i t s .  Each t i m e  th e  
m ic ro p ro ces s o r  in c re m en ts  t h e  r e g i s t e r  which i s  be ing o u tp u t  
from the  p o r t ,  i t  has t o  s u b s e q u e n t ly  t e s t  th e  s t a t e  o f  the  
comparator .  To minimize  t h e  number of  program s t e p s  i n  the  
loop t h e  c o m p a r a t o r  o u t p u t  g e n e r a t e  a s i g n a l  f o r  t h e  
e x t e r n a l  i n t e r r u p t ,  t h e r e b y  e l i m i n a t i n g  t h e  need  t o  r e a d  and 
l o g i c a l l y  t e s t  an in p u t  p o r t  d u r ing  th e  c y c l e .
The t o t a l  c o n v e r s i o n  t i m e  n e e d s  t o  be l e s s  t h e n  t h e  t i m e  
taken  f o r  t h e  c h a r g e -b a l a n c i n g  i n t e g r a t o r  t o  ramp up t o  t h e  
supp ly  r a i l  w i th  t h e  maximum in p u t  c u r r e n t .  T h i s  i s  because  
when t h e  m i c r o p r o c e s s o r  i s  r e c o r d i n g  t h e  so u n d  l e v e l  t i m e  
h i s t o r y  i t  i s  n o t  p r o v i d i n g  a b a l a n c e  c u r r e n t  f o r  t h e  
i n t e g r a t o r .  As t h e  f a s t e s t  r am p  s p e e d  h a s  been  c h o s e n  
nom ina l ly  t o  be 10 ms,  t h i s  c o n d i t i o n  w i l l  be met q u i t e  
e a s i l y .  A s e n s i b l e  t a r g e t  f o r  th e  c o n v e r s io n  t i m e  would be 
under 1 ms,  r e m e m b e r i n g  t h a t  CMOS m i c r o p r o c e s s o r  power  
consumption i s  v i r t u a l l y  p r o p o r t i o n a l  t o  t h e  c l o c k  
f r equency .
The r e s u l t  o f  t h e  c o n v e r s i o n  c o r r e s p o n d s  t o  a p a r t i c u l a r  
sound l e v e l ,  so  a num ber  o f  c l a s s e s  o r  b i n s  a r e  p r o v i d e d ,  
one f o r  e a c h  l e v e l .  I f  6 - b i t  c o n v e r s i o n  i s  p e r f o r m e d  t h i s  
r e q u i r e s  6*1 b i n s .  As t h e  c o n v e r s i o n  i s  p e r f o r m e d  e v e r y  10 
ms, a c o n s t a n t  sound  l e v e l  w ou ld  f i l l  one b i n  a t  a  r a t e  o f  
100 c o u n t s  p e r  s e c o n d .  G iven  t h e  r e q u i r e d  10 m i n u t e  
measuring p e r io d ,  t h i s  would co r respond  t o  a t o t a l  o f  60,000 
counts .  T h i s  i m p l i e s  t h e  u s e  o f  2 x 8 - b i t  b y t e s  f o r  e a c h  
b in ,  t h a t  i s  a t o t a l  c a p a c i t y  o f  65 ,536  c o u n t s  a t  e a c h
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l e v e l .  H owever ,  i f  2 b y t e s  w e re  a l l o c a t e d  f o r  e a c h  o f  t h e  
64 l e v e l s  t h i s  would t a k e  up a l l  the  a v a i l a b l e  RAM space o f  
a t y p i c a l  s i n g l e  c h i p  m i c r o p r o c e s s o r  (8049) .  S e v e r a l  
t e c h n iq u e s  may be e m p lo y e d  t o  o v e rc o m e  t h i s  d i f f i c u l t y .  
They i n c l u d e  r e d u c i n g  t h e  c o n v e r s i o n  t o  40 l e v e l s ,  i e  1 dB 
r e s o l u t i o n  o r  on ly  a l l o c a t i n g  2 b y t e s  t o  a r e s t r i c t e d  range  
o f  s o u n d  l e v e l s ,  e g  t h e  i n d i c a t o r  r a n g e .  I f  t h e  c l a s s  
w id ths  f o r  th e  L 10 and L90 c a l c u l a t i o n  a r e  i n c r e a s e d  beyond 
1 dB, even g r e a t e r  s a v in g s  i n  RAM space can be made and the  
c o n v e r s io n  c o u l d  be r e d u c e d  t o  s a y  5 b i t  a c c u r a c y ,  g i v i n g  
1.25 dB r e s o l u t i o n .  T h i s  w o u l d  g i v e  a b a t t e r y  l i f e  
improvement a s  w e l l .  In  t h e  p r o t o t y p e  i n s t r u m e n t  a 1 dB 
c l a s s  w id th  was used ,  needing  80 b y te s  o f  RAM.
7 . 4 .5  Output Display o f  th e  Data
Although one  m i g h t  a s s u m e  t h a t  h a v i n g  c a l c u l a t e d  Le q,  L 10 
and L g0 u s i n g  a d i g i t a l  m i c r o p r o c e s s o r ,  a d i g i t a l  d i s p l a y  
would be t h e  m o s t  a p p r o p r i a t e ,  t h i s  i s  n o t  s o .  The s o u n d  
l e v e l  n e e d s  t o  be d i s p l a y e d ,  so  a s p e c i a l  d i g i t a l  p a n e l  
meter  wou ld  have  t o  be p r o v i d e d .  The s i g n a l  f ro m  t h e  
d i g i t a l  p a n e l  m e t e r  and  t h e  o u t p u t  f rom  a s u i t a b l e  d i s p l a y  
d e c o d e r / d r i v e r  would have t o  be combined and t h e  a p p r o p r i a t e  
one s e l e c t e d  f o r  d i s p la y .  However, i f  an ana logue  m e te r  i s  
used f o r  t h e  d i s p l a y ,  t h e  s e l e c t i o n  o f  t h e  s o u n d  l e v e l  
s i g n a l  or  an o u t p u t  from t h e  m ic ro p ro c e s s o r  can be made by a 
s imple s w i t c h  and th e  o u tp u t  from th e  m i c ro p ro c e s s o r  can be 
r e a d i l y  D-A conver ted  by s e v e r a l  s im p le  t e c h n iq u e s .  These 
te c h n iq u e s  in c lu d e  u s in g  an R-2R la d d e r  from an I /O  p o r t  on 
t h e  m i c r o p r o c e s s o r  o r  by u s i n g  a s i n g l e  b i t  o u t p u t  p o r t  on 
t h e  m ic ro p ro c e s s o r  and p u l s e  w id th  m odu la t ing  i t s  o u tp u t  t o
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o b t a i n  t h e  d e s i r e d  m e t e r  d e f l e c t i o n .  A d i g i t a l  d i s p l a y  
cou ld  be p rov ided  in  a d d i t i o n  t o  th e  analogue m e te r ,  b u t  th e  
heavy c u r r e n t  c o n s u m p t i o n  i n c u r r e d  w o u l d  m ake  i t  an  
expens ive  o p t i o n .  The d r a f t  i n t e r n a t i o n a l  s t a n d a r d  r e q u i r e s  
t h a t  i f  a d i g i t a l  d i s p l a y  i s  p rov ided ,  i t  shou ld  r e s o l v e  t o
0.1 dB. T h i s  h a r d l y  s e e m s  c o n s i s t e n t  w i t h  a d e s i g n  
r e q u i r e m e n t  f o r  only ±1 dB accuracy .  A 30 dB analogue mete r  
was u s e d ,  f e d  f ro m  t h e  m i c r o p r o c e s s o r  I /O  p o r t  v i a  an  R-2R 
l a d d e r  ne twork.
The f i n a l  v e r s i o n  o f  t h e  s o f t w a r e  f o r  t h i s  d e s i g n  i s  
inc lu d ed  w i t h i n  Appendix C.
7 .5  The Advanced M icroprocessor-based Instrum ent
When th e  d e s ig n  s p e c i f i c a t i o n  f o r  t h e  i n i t i a l  m i c ro p ro c e s s o r -b a s e d  
in s t ru m en t  was d e te rm in e d ,  i t  was env isaged  t h a t  a p r e c i s i o n  grade 
in s t ru m en t  would r e s u l t  subse quen t ly .  Th is  s e c t i o n  d e s c r i b e s  the  
development of  such an i n s t r u m e n t .
The b a s i c  s p e c i f i c a t i o n  was t h a t  i t  s h o u l d  a t  l e a s t  e q u a l  t h e  
per formance of  t h e  p r e c i s i o n  grade  h y b r i d  i n s t r u m e n t  by d ev e lo p in g  
th e  p r i n c i p l e s  o f  t h e  e a r l i e r  m i c r o p r o c e s s o r - b a s e d  i n s t r u m e n t .  
S p e c i f i c a l l y  t h i s  i m p l i e s  a 60 dB d y n a m ic  s p a n  t o g e t h e r  w i t h  t h e  
c a p a c i t y  t o  i n t e g r a t e  over a measurement p e r io d  a t  l e a s t  eq u a l  t o  
t h e  n o r m a l  w o r k i n g  day (8 h o u r s ) .
R e -e v a lu a t io n  o f  t h e  d e s i g n  c o n s t r a i n t s  c o n s i d e r e d  p r e v i o u s l y  
showed t h a t  a c h a r g e - b a l a n c i n g  i n t e g r a t o r  u s i n g  tw o  b a l a n c i n g  
c u r r e n t s  would n o t  p rov ide  t h e  n e c e s s a r y  dynamic span .  A l o g i c a l  
e x t e n s i o n  was t h e r e f o r e  t o  i n v e s t i g a t e  t h e  u s e  o f  t h r e e  b a l a n c e
92
c u r r e n t s .  S i m i l a r l y ,  e x a m in a t io n  o f  Table  7.2 shows t h a t  changing  
from a 3 b y t e  t o  a M b y t e  r e g i s t e r  wou ld  p r o v i d e  s u f f i c i e n t  
c a p a c i t y  f o r  t h e  d o s e  d a t a .  T h i s  s h o u l d  be a c c o m p l i s h e d  by 
r e l a t i v e l y  minor s o f t w a r e  m o d i f i c a t i o n s .
Level 0 dB 31* dB 60 dB
Dura t ion Number of  Quanta
10 seconds  
10 minutes  
10 hours
10 2 .5  x 10** 1 0 7 
600 1.5 x 106 6 x 10 9 
3 .6  x 10" 9 x 1 0 7 3 .6  x 1 0 10
TABLE 7.2 Dose R e g i s t e r  Requi rements  f o r  t h e  Advanced I n s t r u m e n t
A p r o t o t y p e  e m b o d y in g  t h e s e  p r i n c i p l e s  was c o n s t r u c t e d .  The 
maximum b a l a n c e  c u r r e n t  was s e l e c t e d  t o  be 3 mA, a s  t h i s  was  
s u f f i c i e n t  t o  ba lance  th e  maximum a v a i l a b l e  c u r r e n t  from th e  21ogV- 
a lo g  s t a g e .  The tw o  l o w e r  c u r r e n t s  w e r e  i n i t i a l l y  s e t  t o  be 2 8 
s u b m u l t i p l e s  o f  t h e  maximum, b u t  t h e  r e s u l t i n g  minimum q u a n t a  o f  
charge  w e r e  t o o  s m a l l .  The r a t i o  o f  c u r r e n t s  was  c h a n g e d  t o  2 7. 
T h is  a r rangem en t  proved capa b le  o f  b a l a n c in g  a wide range  o f  in p u t  
s i g n a l s ,  bu t  the  c i r c u i t  was p a r t i c u l a r l y  prone to  d r i f t  p rob lems.
The fundamenta l  problem was t o  c o n t r o l  the  l o w e s t  ba lance  c u r r e n t  
a c c u r a t e l y .  As i n  th e  e a r l i e r  m i c ro p ro c e s s o r -b a s e d  i n s t r u m e n t ,  t h e  
5 v o l t  s u p p l y  was  u s e d  a s  t h e  r e f e r e n c e  f o r  t h e  b a l a n c e  c u r r e n t s .  
Th is  p r e s e n t e d  no problems f o r  th e  h ig h e r  c u r r e n t s ,  bu t  no s t a b l e  
method c o u l d  be fo u n d  t o  d e t e r m i n e  t h e  l o w e s t  b a l a n c e  c u r r e n t  o f  
183 nA. One me thod  was t o  e m p loy  a p o t e n t i a l  d i v i d e r  t o  s t e p  t h e
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r e f e r e n c e  supp ly  down in  o rd e r  t h a t  a h igh  s t a b i l i t y  r e s i s t o r  cou ld  
be u s e d .  The s h o r t c o m i n g  w i t h  t h i s  a r r a n g e m e n t  was  t h a t  t h e  FET 
in p u t  o p e r a t i o n a l  a m p l i f i e r ,  w h ic h  had  been  s e l e c t e d  f o r  i t s  low 
in p u t  b i a s  c u r r e n t ,  had a s i g n i f i c a n t  t e m p e r a t u r e - s e n s i t i v e  in p u t  
o f f s e t  v o l t a g e .  A l th o u g h  t h e  c i r c u i t  c o u l d  be s e t  up ,  t h e  
i n t e g r a t o r  soon s t a r t e d  t o  d r i f t ,  in  e i t h e r  d i r e c t i o n .
7 .5 .1  S h o r t  Lcq
An e x c i t i n g  development p r e s e n te d  in  a d e f i n i t i v e  paper  in  
1981 [ 1 4 D, was t h e  i n t r o d u c t i o n  of  the  concep t  o f  S h o r t  Le q» 
In t h i s  m e th o d ,  n u m e ro u s  s h o r t  t e r m  L m e a s u r e m e n t s  a r e“ M
re c o rd e d  i n  a d a t a  s t o r e .  S u b s e q u e n t  p r o c e s s i n g  a l l o w s  
s y n t h e s i s  o f  Global  Leqs over any d e s i r e d  p e r io d  w i t h i n  th e  
t o t a l  measurement p e r io d ,  t o g e t h e r  w i th  a l l  t h e  s t a t i s t i c a l  
pa ram ete r s .  The p r i n c i p a l  advantage o f  t h i s  method i s  t h a t  
t h e  r aw  d a t a  i s  s t o r e d .  The d e c i s i o n  a b o u t  w h ic h  a c o u s t i c  
d e s c r i p t o r  t o  a p p l y  i s  d e f e r r e d  u n t i l  t h e  d a t a  h a s  been  
s t o r e d .  T h i s  new m e thod  was c o n s i d e r e d  t o  be o f  s u c h  
impor tance t h a t  t h e  s p e c i f i c a t i o n  o f  t h e  a d v a n c e d  
m i c ro p ro c e s s o r -b a se d  in s t r u m e n t  was amended t o  i n c lu d e  th e  
S h o r t  L f a c i l i t y .
The e l e m e n t a l  p e r i o d  s e l e c t e d  f o r  t h e  g e n e r a t i o n  o f  S h o r t
L was 125 ms, a s  t h i s  w o u ld  r e s u l t  i n  t i m e  h i s t o r y  d a t ae 4
with  comparable r e s o l u t i o n  t o  a c o n v e n t io n a l  SLM. Requ i r ing  
t h e  i n s t r u m e n t  i n t e g r a t o r  t o  have o n ly  s u f f i c i e n t  c a p a c i t y  
fo r  t h i s  s h o r t  p e r io d  eased  a number of  d i f f i c u l t i e s  which 
were e x p e r i en ced  w i th  t h e  c u r r e n t  p ro to type .  However, as  
th e  b a s i s  o f  t h e  S h o r t  L0 q m e thod  i s  f o r  p o s t - c a p t u r e  
p ro c e s s in g ,  i t  i s  n e c e s s a r y  f o r  t h e  i n s t r u m e n t  t o  be a b l e  to
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r e spond  t o  an even  g r e a t e r  d y n am ic  r a n g e  o f  i n p u t  s i g n a l s .  
One a p p l i c a t i o n  w h ic h  dem ands  t h i s  h i g h  d y n a m i c  r a n g e  i s  
u n a t ten d ed  a i r p o r t  m o n i to r in g ,  where a very low background 
may be i n t e r r u p t e d  by a h igh  l e v e l  n o i s e  ev e n t .
To f a c i l i t a t e  t h e  i n c r e a s e d  d y n a m i c  s p a n ,  a f u r t h e r  
p r o to ty p e  was d e v e l o p e d  w h i c h  u s e d  t h r e e  i n d e p e n d e n t  
i n t e g r a t o r s .  The m i c r o p r o c e s s o r  c o n t r o l l e d  e a c h  o f  t h e  
i n t e g r a t o r s  d u r i n g  t h e  e l e m e n t a l  p e r i o d  and  t h e n  s e l e c t e d  
the  d a t a  from the  most  a p p r o p r i a t e  i n t e g r a t o r .  For a mid­
range  s i g n a l ,  one i n t e g r a t o r  would o v e r lo a d ,  one would have 
th e  c o r r e c t  Le ^ an d  t h e  o t h e r  w ou ld  n o t  have  a c q u i r e d  
s u f f i c i e n t  d a t a  t o  r e s o l v e  a c c u r a t e l y  t h e  i n p u t  s i g n a l .
Although t h e  m i c r o p r o c e s s o r  c o u l d  b a l a n c e  t h e  t h r e e  
i n t e g r a t o r s ,  i t  had  no s p a r e  c a p a c i t y  t o  f o r m a t  and  s t o r e  
the  d a t a  o r  p r o c e s s  k e y b o a r d ,  d i s p l a y  a n d  i n t e r f a c e  
r o u t i n e s .
7 . 5 . 2  The F i n a l  In s t ru m en t
The ba lance  between hardware  and s o f t w a r e  p r o c e s s in g  needed 
t o  be o p t i m i z e d .  I n  o r d e r  t o  a c h i e v e  t h i s ,  t h e  t h r e e  
i n t e g r a t o r s  were r e p l a c e d  by two o f  the  proven s w i t c h - b a c k  
i n t e g r a t o r s  and d i g i t a l  dose s t o r e  o f  th e  h y b r i d  des ign .  As 
in  t h e  h y b r i d  d e s i g n ,  t h e  d o s e  d a t a  i s  r e c o v e r e d  w i t h  a 
modif ied  R-2R l a d d e r  n e t w o r k .  Each  o f  t h e  i n t e g r a t o r s  h a s  
t h r e e  p o s s i b l e  l a d d e r  n e t w o r k  t a p s .  The o u t p u t  o f  t h e  
a p p r o p r i a t e  i n t e g r a t o r  i s  s e l e c t e d  by a c o n t r o l l e r ,  
implemented i n  CMOS random l o g i c .  T h i s  s e l e c t e d  o u t p u t  i s  
t h e n  f e d  t o  a l o g a r i t h m i c  a m p l i f i e r .  S i n c e  a r e a d i n g  i s  
only  r e q u i r e d  a f t e r  th e  p r e s e t  e l e m e n t a l  p e r io d ,  t h e r e  i s  no
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need f o r  a s i g n a l  co r r e s p o n d in g  t o  e l a p se d  t im e .  I n s t e a d ,  a 
f i x e d  c u r r e n t  i s  s u p p l i e d  t o  the  l o g a r i t h m i c  a m p l i f i e r .  The 
va lu e  o f  t h i s  c u r r e n t  can be v a r i e d  o v e r  a s m a l l  r a n g e  t o  
a l low  f o r  system c a l i b r a t i o n .
At the  end o f  the  e l e m e n t a l  p e r io d ,  an analogue  t o  d i g i t a l  
c o n v e r s io n  i s  p e r f o r m e d  on  t h e  o u t p u t  o f  t h e  l o g a r i t h m i c  
a m p l i f i e r .  T h i s ,  c o m b in e d  w i t h  a t h r e e - b i t  word  w h ic h  
s p e c i f i e s  w h ic h  t a p  was c o n n e c t e d  t o  t h e  l o g a r i t h m i c  
a m p l i f i e r ,  p r o v i d e s  a l l  t h e  n e c e s s a r y  d a t a  t o  t h e  
m ic rop roces so r .  The s e l e c t e d  o u t p u t  p a r a m e t e r  f r o m  t h e  
m ic rop rocesso r  i s  d i s p l a y e d  on a 4 - d i g i t  d i s p l a y  a s  t h e  
in s t ru m e n t  does n o t  compute sound l e v e l .
7 . 5 . 3  Analogue Refinements
Whi ls t  d e v e l o p i n g  t h e  f i n a l  p r o t o t y p e ,  t h e  p r e v i o u s l y  
des igned  analogue  s t a g e s  were a l s o  re -exam ined .  Exper ience  
ga ined  f ro m  " i n  t h e  f i e l d "  o p e r a t i o n  o f  a num ber  o f  t h e  
d e s ig n s ,  coup led w i th  r e c e n t  component deve lopments  showed 
t h a t  th e  per formance could  be ex tended  even f u r t h e r .
The m a j o r i t y  o f  t h e  improvements r e l a t e d  t o  t h e  o p e r a t i o n  of  
the  a n a l o g u e  i n t e g r a t o r .  T h i s  s t a g e  had  b e e n  i d e n t i f i e d  
e a r l i e r  a s  a p o s s i b l e  weak l i n k ,  due  t o  f i n i t e  s w i t c h b a c k  
and leakage .  The le akage  problem was l a r g e l y  e l i m i n a t e d  by 
th e  a d o p t i o n  o f  S h o r t  Leq  and  i t s  i m p l i e d  s h o r t  m e a s u r i n g  
d u r a t i o n .  Use o f  an o p e r a t i o n a l  a m p l i f i e r  a s  a c o m p a r a t o r  
in  t h e  r e t r a c e  c i r c u i t r y  was th e  cause  o f  some o f  t h e  speed  
problems. The u s e  o f  p a s s i v e  c o m p o n e n t s  a l o n e  t o  d e t e r m i n e  
t h e  i n t e g r a t o r  h o l d - o f f  a l s o  l e d  t o  a r e d u c t i o n  in  p o s s i b l e
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o p e r a t i n g  s p e e d  by h a v i n g  t o  o v e r  d e s i g n  t o  a l l o w  f o r  
component t o l e r a n c i n g .  The r e t r a c e  c i r c u i t r y  was t h e r e f o r e  
r e - d e s i g n e d  t o  i n c o r p o r a t e  a v e r y  h i g h  s p e e d ,  y e t  low 
c u r r e n t  consumpt ion ,  com para to r  t o g e t h e r  w i th  an i n t e g r a t e d  
c i r c u i t  m o n o s t a b l e  m u l t i v i b r a t o r  a n d  t h e  l a t e s t  l o w  
impedance FETs. W i th  t h i s  new a r r a n g e m e n t  t h e  r e t r a c e  and  
h o l d - o f f  cou ld  be accompl i shed  r e l i a b l y  in  o n ly  a few m ic ro ­
seconds .
A f u r t h e r  p r o b l e m  r e l a t i n g  t o  t h e  o p e r a t i o n  o f  t h e  
i n t e g r a t o r  was th e  c u r r e n t  w as ted  in  p ro v id in g  t h e  r e f e r e n c e  
c u r r e n t  f o r  t h e  a n t i l o g  s t a g e .  A l th o u g h  i t  i s  w i t h i n  t h e  
a n t i l o g  s t a g e ,  t h i s  c u r r e n t  i s  u s e d  t o  s e t  t h e  s c a l e  o f  
c u r r e n t s  i n t o  t h e  i n t e g r a t o r .  T h i s  c o n s t a n t  r e f e r e n c e  
c u r r e n t  i s  passed  th rough  a l o g g in g  t r a n s i s t o r  t o  o f f s e t  the  
base o f  t h e  a n t i l o g  t r a n s i s t o r .  By o f f s e t t i n g  t h e  b a s e  o f  
t h e  l o g g i n g  t r a n s i s t o r  s l i g h t l y  n e g a t i v e ,  t h e  c u r r e n t  
th rough  i t  c a n  be r e d u c e d  c o n s i d e r a b l y ,  y e t  s t i l l  
m a in t a i n in g  t h e  b a s e  o f  t h e  a n t i l o g  t r a n s i s t o r  a t  i t s  
c o r r e c t  v a l u e .
A s h o r t c o m i n g  o f  t h e  h y b r i d  i n s t r u m e n t  w h i c h  t h e  
m ic ro p ro ces s o r -b a se d  i n s t r u m e n t  was  i n t e n d e d  t o  o v e r c o m e ,  
was the  p o s s i b l e  l o s s  of  dose i n f o r m a t i o n  d u r in g  r e t r a c e  o f  
t h e  i n t e g r a t o r .  Th is  p o s s i b i l i t y  had been g r e a t l y  r educe d  
with  th e  upgraded c i r c u i t r y ,  b u t  a f u r t h e r  improvement  was 
made. T h i s  i m p r o v e m e n t  c o n s i s t e d  o f  p l a c i n g  a low v a l u e  
r e s i s t o r  i n  s e r i e s  w i t h  t h e  t r a n s i s t o r s  o f  t h e  21og s t a g e .  
During n o r m a l  o p e r a t i o n ,  a t  low  s i g n a l  l e v e l s ,  t h e  v o l t a g e  
drop a c r o s s  the  com bina t ion  o f  th e  t r a n s i s t o r s  and r e s i s t o r
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i s  a l m o s t  s o l e l y  de te rm ined  by t h e  base e m i t t e r  drop of  th e  
t r a n s i s t o r s .  Hence th e  c i r c u i t  o p e r a t i o n  i s  unchanged.  At 
h igh  s i g n a l  l e v e l s ,  w h e re  l o s s  o f  d o s e  i n f o r m a t i o n  i s  
p o s s i b l e ,  a p p r e c i a b l e  c u r r e n t s  a r e  f lo w in g  in  th e  t r a n s i s t o r  
r e s i s t o r  c o m b i n a t i o n .  The c o n t r i b u t i o n  o f  t h e  r e s i s t o r  
t h e r e f o r e  i n c r e a s e s  and th e  o v e r a l l  v o l t a g e  drop i s  g r e a t e r  
th a n  would  be e x p e c t e d  u n d e r  n o r m a l  o p e r a t i o n .  T h i s  
i n c r e a s e d  v o l t a g e  d ro p  r e s u l t s  i n  a h i g h e r  i n t e g r a t o r  
c u r r e n t  and h e n c e  f a s t e r  s w e ep  s p e e d .  I f  t h e  v a l u e  o f  t h i s  
r e s i s t o r  i s  s e l e c t e d  c a r e f u l l y ,  i t s  e f f e c t  i s  t o  e x a c t l y  
compensate f o r  t h e  p o s s i b l e  l o s s  of  dose i n f o r m a t i o n  d u r in g  
r e t r a c e .  Without  th e  r e s i s t o r  t h e  i n t e g r a t o r  sweep speed i s  
s l i g h t l y  slow. Adding t h e  r e s i s t o r  a l l o w s  t h e  performance  
a t  t h e  t o p  o f  t h e  d y n a m ic  s p a n  t o  be i m p r o v e d  s o  t h a t  t h e  
range  o f  in p u t  s i g n a l s  i s  i n c re a s e d  by about  10 dB.
7 . 5 . ^  Data R e t r i e v a l
The l a r g e  q u a n t i t i e s  o f  d a t a  w h ic h  t h e  i n s t r u m e n t  was 
cap a b le  o f  a c q u i r i n g  (256 k)  n e e d e d  t o  be r e t r i e v e d  f o r  
subsequen t  r e p r o c e s s i n g .  This  was i d e n t i f i e d  a s  a secondary  
bu t  n e v e r t h e l e s s  im p o r t a n t  t a s k  f o r  t h e  m i c ro p ro c e s s o r .  In 
c o l l a b o r a t i o n  w i t h  t h e  p ro p o s e r s  of  the  S h o r t  L co n c e p t  a 
p r o to c o l  f o r  d a t a  t r a n s f e r  was  p r o p o s e d ,  t o g e t h e r  w i t h  t h e  
d e f i n i t i o n  o f  an  i n t e r f a c e  f o r  a c o u s t i c  a p p l i c a t i o n s  
[ 1 5 , 1 6 , 1 7 , 1 8 ] .
Each m e a s u r e m e n t  s e s s i o n  w h i c h  i s  r e c o r d e d  i n  t h e  
in s t r u m e n t s  memory i s  p receded  by a h e a d e r  w h ic h  g i v e s  
in fo rm a t io n  a b o u t  t h e  s e s s i o n .  T h i s  i n f o r m a t i o n  i n c l u d e s  
t h e  num ber  o f  s a m p l e s  w i t h i n  e a c h  s e s s i o n ,  t h e  t y p e  o f
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a c q u i s i t i o n  and  t h e  o f f s e t s  b e t w e e n  h e a d e r s .  T h i s  a l l o w s  
f o r  s c a n n i n g  o f  t h e  h e a d e r s  t o  d e t e r m i n e  w h i c h ,  i f  any  o f  
the  s e s s i o n s  a r e  t o  be t r a n s f e r r e d .  A more com ple te  summary 
of  th e  heade r  fo rm a t  and c o n t e n t  i s  p r e s e n te d  i n  Appendix B.
Complete c i r c u i t  d i a g r a m s  o f  t h e  f i n a l  i n s t r u m e n t  a r e  
p r e s e n te d  i n  A p p e n d i x  A. P s e u d o - c o d e  u s e d  i n  t h e  
development o f  t h e  s o f t w a r e  i s  i n c l u d e d  i n  A ppend ix  B. 
L i s t i n g s  o f  t h e  m a jo r  p r o g r a m s ,  i n c l u d i n g  t h o s e  u s e d  t o  




The a s s e s s m e n t  o f  i n d i v i d u a l  c i r c u i t  pe rformance  and t h a t  o f  com ple te  
in s t ru m e n ts  was  a n e c e s s a r y  and  i n t e g r a l  p a r t  o f  t h e  s t u d y .  The 
f i n d i n g s  o f  such a s s e s s m e n t s  were i n v a l u a b l e  i n  o p t i m i z i n g  i n d i v i d u a l  
c i r c u i t  p a r a m e t e r s ,  and  i n  d e t e r m i n i n g  t h e  i n t e r a c t i v e  e f f e c t s  o f  
combining t h e s e  c i r c u i t s  i n t o  working in s t r u m e n t s .
S p e c i a l  t e s t  e q u i p m e n t  was c o n s t r u c t e d  s o  t h a t  t h e  f u l l  r a n g e  o f  t h e  
t h r e e  i m p o r t a n t  Le ^ m e t e r  p a r a m e t e r s  c o u l d  be p r e s e n t e d  t o  t h e  
in s t rum en t .  As d i s c u s s e d  i n  C h a p t e r  F o u r ,  t h e  p a r a m e t e r s  a r e :  t h e  
dynamic s p a n ,  t h e  e x c h a n g e  r a t e  t o l e r a n c e  a n d  t h e  p e a k  f a c t o r  
c a p a b i l i t y .  Each  o f  t h e s e  g i v e s  a d d i t i o n a l  i n f o r m a t i o n  a b o u t  a  g i v e n  
c i r c u i t  des ign  o r  i n s t r u m e n t ’s  s u i t a b i l i t y  t o  a c c u r a t e l y  i n t e g r a t e  t h e  
wide s p a n  o f  p o s s i b l e  i n p u t  s i g n a l  l e v e l s  and  m e a s u r e m e n t  d u r a t i o n s .  
The m e thod  f o r  a p p l y i n g  t h e s e  s i g n a l s  and  t h e  m e thod  f o r  i n t e r p r e t i n g  
t h e  r e s u l t s  i s  a l s o  g iven  in  Chapter  Four.
T e s t s  w ere  c a r r i e d  o u t  on a number  o f  d i f f e r e n t  m a n u f a c t u r e r s ’ ISLMs, 
and t h e  r e s u l t s  were compared w i th  t h o s e  o b ta in e d  u s in g  th e  h y b r i d  Le q 
meter  w h ich  had  been  p r o d u c e d  a s  p a r t  o f  t h i s  p r o j e c t .  The r e s u l t s  o f  
t h e s e  t e s t s  w e re  r e p o r t e d  a t  t h e  I n s t i t u t e  o f  A c o u s t i c s  S p r i n g  
Conference 1980. A copy o f  the  r e l e v a n t  e x t r a c t  from the  p ro c e e d in g s  i s  
in c lu d ed  in  Appendix D. In  t h e  t a b l e  of  exchange r a t e  t o l e r a n c e  e r r o r s ,  
the ISLM produced as  p a r t  o f  t h i s  p r o j e c t  i s  i n s t r u m e n t  number 5.
The a s s e s s m e n t  p r o c e d u r e s  u s e d  i n  t h i s  work  h a v e  i n c l u d e d  b o t h  t o n e  
b u r s t  and s i n g l e - c y c l e  in p u t  s i g n a l s .  A paper  d i s c u s s i n g  t h e  r e l a t i v e  
m e r i t s  o f  t h e  two m ethodo log ies  was p r e s e n te d  a t  the  12 th  I n t e r n a t i o n a l  
Congress on A c o u s t i c s ,  T o r o n t o ,  1986 [ 1 9 ] .  T h i s  p a p e r  h i g h l i g h t e d  t h e
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need f o r  s p e c i a l i z e d  s i g n a l  s o u r c e s ,  and  t h e  v a l u e  o f  t h e  s p e c i a l  
i n t e r f a c e  developed  f o r  th e  advanced m ic ro p ro c e s s o r -b a se d  in s t r u m e n t .
The d e d i c a t e d  s y s t e m  d e v e l o p e d  a s  p a r t  o f  t h i s  work h a s  a s i g n a l  t o  
n o i s e  r a t i o  o f  g r e a t e r  t h a n  80 dB. T h i s  i s  t h e  l i m i t  o f  t h e  f r e q u e n c y  
a n a l y s e r  which has  been a v a i l a b l e .  The f i n a l  v e r s i o n  of  t h e  i n s t r u m e n t  
has  a d y n a m ic  r a n g e  i n  e x c e s s  o f  t h i s ,  an d  a p p r o a c h i n g  t h e  110 dB 
maximum of the  c o n t r o l  r an g e  o f  t h e  a t t e n u a t o r s .  I t  i s  t h e r e f o r e  c l e a r  
t h a t  t h e  e v a l u a t i o n  equipment and p rocedu res  need c o n s t a n t  u p d a t in g  in  
o r d e r  t o  c o r r e c t l y  a s s e s s  t h e  l a t e s t  i n s t r u m e n t s .
8.1 Instrum entation
The f o l l o w i n g  i n s t r u m e n t a t i o n  was used du r ing  th e  f i n a l  a s s e s s m e n t  
s t a g e  o f  t h e  p r o j e c t .  T h i s  a r r a n g e m e n t  i s  r e p r e s e n t a t i v e  o f  t h e  
wide range  o f  equipment used th roughou t  th e  development and e a r l i e r  
as ses sm en t  s t a g e s  of  t h e  work.
1. S p e c i a l i z e d  t o n e  b u r s t  g e n e r a t o r  d e v e l o p e d  a s  p a r t  o f  t h i s  
work.
2. 2 x E ner t ec  Programmable Func t ion  G enera to rs  Type 4431.
3.  Marconi MF A t t e n u a t o r  Type TF 2162.
4. Gould D i g i t a l  S to rage  O sc i l l o sc o p e  Type 4035.
5. Bruel  & K jaer  High R e s o lu t io n  S ig n a l  A na lyser  Type 2033.
6. Hewlett  Packard P l o t t e r  Type 7470A
7. F a r n e l l  Dual Power Supply Type LT 30-1.
The E n e r t e c  p r o g r a m m a b l e  f u n c t i o n  g e n e r a t o r s  w e r e  u s e d  i n  
combination ,  w i th  one dev ice  d e t e r m in i n g  t h e r e p e t i t i o n  r a t e f o r  th e
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tone  b u r s t  s e q u e n c e s  and t h e  o t h e r  d e t e r m i n i n g  t h e  t o n e  b u r s t  
d u r a t i o n  a n d  s i g n a l  f r e q u e n c y .  A l t h o u g h  t h i s  w as  a n  e a s y  
a r rangement t o  c o n t r o l ,  p a r t i c u l a r l y  v i a  t h e  IEEE 488 i n t e r f a c e  
bus,  t h e  s i g n a l  q u a l i t y  and  r a n g e  o f  s i g n a l s  was n o t  a s  g r e a t  a s  
t h e  d e d i c a t e d  system deve loped as  p a r t  o f  t h i s  work. This  l a t t e r  
system was t h e r e f o r e  used f o r  a l l  measurements o t h e r  t h a n  i n i t i a l  




As w i t h  any  p r o j e c t  o f  t h i s  n a t u r e ,  t h e  p r i n c i p a l  r e s u l t s  a r e  t h e  new 
c i r c u i t  t e c h n iq u e s  and a p p l i c a t i o n s  embodied w i t h i n  th e  d e s ig n s  which 
have been  p r e s e n t e d .  The p e r f o r m a n c e  o f  t h e  p r i n c i p a l  c o n s t i t u e n t  
e lements  has  been d e s c r ib e d  w i t h i n  each  s e c t i o n .  T h e re fo re  t h i s  c h a p t e r  
w i l l  on ly  p r e s e n t  r e s u l t s  which q u a n t i f y  o v e r a l l  i n s t r u m e n t  perform ance  
o r  i n d i c a t e  t h e  r e s p o n s e  of  the  com ple te  i n s t r u m e n t  t o  t h e  t e s t  s t i m u l i .
In  e a c h  o f  t h e  f o l l o w i n g  f i g u r e s ,  t h e  i n p u t  s i g n a l  i s  n o t  shown 
c o r r e c t l y  s c a l e d .  T h i s  s i g n a l  was  d e r i v e d  f ro m  a p o i n t  b e f o r e  t h e  
a t t e n u a t o r ,  a s  c o n n ec t in g  a probe d i r e c t l y  t o  t h e  s e n s i t i v e  i n s t r u m e n t  
i n p u t  caused problems o f  e a r t h  loops  and i n c r e a s e d  the  background n o i s e .
F igu re  9.1 shows the  o u tp u t  v o l t a g e  o f  the  s w i tc h -b a c k  i n t e g r a t o r  when 
s u b j e c t e d  t o  a mid-range  c o n s t a n t  l e v e l  on t h e  i n s t r u m e n t  in p u t .
F igu re  9.2 shows  t h e  o u t p u t  o f  t h e  same i n t e g r a t o r  w i t h  a h i g h  l e v e l  
i n p u t  s i g n a l .  The i n c r e a s e  i n  o u tp u t  due t o  each h a l f - c y c l e  can be seen  
c l e a r l y .  A system phase s h i f t  can be d e t e c t e d .
F igure  9.3 shows t h e  o u tp u t  of  t h e  s w i tc h -b a c k  i n t e g r a t o r  i n  r e s p o n s e  to  
the  tone  b u r s t  t e s t  s t i m u l u s  f o r  t h e  exchange r a t e  t e s t .
The d a t a  s t o r e d  i n  t h e  a d v a n c e d  m i c r o p r o c e s s o r - b a s e d  i n s t r u m e n t  i s  
downloaded t o  an IBM PC c o m p a t i b l e  c o m p u t e r  f o r  a n a l y s i s .  F i g u r e  9.M 
shows t h e  o u t p u t  o f  d a t a  r e c o r d e d  by m a n u a l l y  i n c r e a s i n g  t h e  i n p u t  
s i g n a l  i n  0.1 dB s t e p s .
The o v e r a l l  performance o f  the  i n s t r u m e n t s  and p r o t o t y p e s  produced  as  
p a r t  of  t h i s  work i s  summarised i n  Table 9 .1 .
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OO V/DIV 50 . Oms/DIV 2 . 00 V/DIV 50. Oms/DIV
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FIGURE 9.1 Switch-back In teg ra to r  Output (CH2) w i th  
Mid-range Input (GH1)
OO V/DIV 5. OOms/DIV 2. 00 V/DIV 5,. OOmo/DIV
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FIGURE 9.2 Switch-back In teg ra to r  Output (CH2) w i th  
High Level Input Signal (CHI)
OO V/DIV IQ. Cma/DIV 2.00 V/DIV 10. Oms/DIV
f\j
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FIGURE 9.3 Switch-back In teg ra to r  Output (CH2) 
with Tone Burst Input (CHI)
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In s t ru m en t  Number 1 2 3 M
Exchange Rate E r ro r
Inpu t  S ig n a l R e l a t i v eAmpli tude
Tone Burs t  
mark/space 
1 :9
+ 10 dB 0 .0 0 .0 0 .0 o•o
Tone Burs t  
mark/space 
1 :99
+ 20 dB 0.0 + 0.1 + 0.1 -  0.1
Tone Burs t  
mark/space 
1 :999
+ 30 dB 0.0 + 0.1 i o . • ro + 0 .2
Tone Burs t  
mark /space 
1 :9 9 9 9
+ MO dB < 0.1 + 0 .3 + 0 . 2
Tone Burs t  
mark/space  
1:99999
+ 50 dB -  0.1
Dynamic Span 65 55 M3 ~ 110
Peak Fac to r 68 58 M6 > 80
In s t ru m en t  Type 1 2 3 0




As e x p ec ted ,  th e  c o n s t a n t  i n p u t  g iv e s  r i s e  t o  a s t e a d i l y  i n c r e a s i n g  
i n t e g r a t o r  o u tp u t  v o l t a g e  (F igu re  9 . 1 ) .  The q u a n t i s a t i o n  n o i s e  e v i d e n t  
on th e  t r a c e  i s  due t o  th e  d i g i t a l  s t o r a g e  o s c i l l o s c o p e .  One of  the  
major d i f f i c u l t i e s  in  a s s e s s i n g  t h e  i n t e g r a t o r  per formance of  the  
advanced m ic ro p ro c e s s o r -b a se d  in s t ru m e n t  i s  t h a t  t h i s  form o f  r e sp o n se  
on ly  occu r s  a t  ve ry  low s i g n a l  l e v e l s .  At h ig h e r  s i g n a l  l e v e l s  th e  
i n t e g r a t o r  behaves as a v o l t a g e  t o  f requency  c o n v e r t o r ,  w i th  th e  
i n t e g r a t o r  s w i tc h in g  many t im es  w i t h i n  one c y c l e  of  t h e  i n p u t  s i g n a l .  
This  makes l i n e a r i t y  measurements of  th e  i n t e g r a t o r  a lone  very  
d i f f i c u l t .  However, a s  dem ons t ra ted  w i th  t h e  f i n a l  i n s t r u m e n t ,  
o p t i m i z a t i o n  o f  the  complete in s t ru m e n t  i s  n o t  n e c e s s a r i l y  a c h i ev ed  by 
s e t t i n g  th e  c o n s t i t u e n t  e lem en ts  i n  i s o l a t i o n .  The l e v e l  of  per formance 
o f  an in s t ru m e n t  i s  s t r o n g l y  de te rmined  by th e  s e t t i n g  up p ro c e d u re .  A 
good d es ign  should  i n c o r p o r a t e  a r e p e a t a b l e  and r a p i d l y  convergen t  
ad ju s tm en t  scheme.
Although th e  in p u t  waveform f o r  th e  to n e  b u r s t  t e s t  (F igure  9 .3 )  i s  no t  
r e s o lv e d  p a r t i c u l a r l y  w e l l ,  i t  i n d i c a t e s  th e  p o s i t i o n  o f  t h e  im pu lses  
and s e r v e s  t o  h i g h l i g h t  th e  d i f f i c u l t i e s  p r e s e n t e d  t o  an ISLM in  
c a p t u r i n g  im pu ls ive  s i g n a l s .  The t r a c e  f o r  F igu re  9 .3  was t a k e n  from an 
in s t ru m e n t  which had an i n t e n t i o n a l l y  slow r e t r a c e ,  b u t  had th e  
compensation r e s i s t o r  f i t t e d  i n  the  21og s t a g e  ( s e c t i o n  7 . 5 . 3 ) .  The 
uniform s t e p  s i z e ,  d e s p i t e  an impulse  o c c u r r i n g  a t  s w i tc h  back,  
d em ons t r a te s  the  va lue  of  t h i s  m o d i f i c a t i o n .
The s o f tw a re  package which produced F ig u re  9 .4  was p a r t  o f  a  p a r a l l e l  
development programme w i th  t h e  French company Soeur-Anne.  Although
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developed f o r  combined use  w i th  th e  f i n a l  in s t rum en t  as  a powerful  d a t a  
a c q u i s i t i o n  and a n a l y s i s  system,  i t  a l s o  p ro v id es  a c o n v en ien t  t o o l  f o r  
a s s e s s i n g  th e  performance  o f  the  hardware .  The g l i t c h e s  i n  F igu re  9 .^
a re  due t o  t h e  a t t e n u a t o r  p a s s in g  th rough  i t s  -® p o s i t i o n .  With the
a t t e n u a t o r  i n  t h i s  p o s i t i o n  t h e  n o i s e  f l o o r  r e s u l t i n g  from the  l i m i t s  o f  
th e  i n s t r u m e n t a t i o n  sys tem i s  e v i d e n t .  I t  i s  n o t  com ple te ly  de te rmined
whether t h i s  i s  due t o  t h e  in s t ru m e n t  a lo n e  o r  as a r e s u l t  o f  a t t e n u a t o r
break th rough  and o t h e r  e x t e r n a l  n o i s e .  Under t h e s e  c o n d i t i o n s  most of  
t h e  measurement system i s  o p e r a t i n g  a t  th e  extreme o f  i t s  o p e r a t i n g  
l i m i t s  as  th e  in p u t  c o r re s p o n d in g  t o  t h i s  in s t ru m e n t  r e a d i n g  i s  l e s s  
than  yV.
Although th e  t r a c e  was o b ta in e d  manually ,  t h e r e  i s  obvious  scope t o  
au tomate in s t ru m en t  e v a l u a t i o n  and documentaion.  Th i s  i s  g r e a t l y  
a s s i s t e d  by th e  command and d a t a  s t r u c t u r e  a s s o c i a t e d  w i th  t h e  DP37 
i n t e r f a c e  system [1 7 ] .
At the  upper extreme o f  th e  t r a c e ,  t h e  o v e r lo a d  c o n d i t i o n  was no t  
t r a p p e d  so t h a t  th e  l i m i t  of  t h e  dynamic range  could  be r e a d i l y  
i d e n t i f i e d  f o r  th e  purposes  o f  t h i s  t h e s i s .  A dynamic range  o f  around 
110 dB can be i d e n t i f i e d .
The r e s u l t s  p r e s e n te d  i n  Table 9.1 r e p r e s e n t  fou r  i d e n t i f i a b l e  s t a g e s  of  
development of th e  p r o j e c t .  The performance  of  the  e a r l i e s t  h y b r i d  
in s t ru m en t  i s  s t i l l  a s i g n i f i c a n t  ach ievem ent,  s e v e r a l  y e a r s  a f t e r  i t s  
d e s ig n .  However, i t  d id  n o t  f u l f i l  t h e  c r i t e r i o n ,  d i s c u s s e d  e a r l i e r  in  
t h i s  c h a p t e r ,  t h a t  t h e  s e t t i n g  up procedure  shou ld  n o t  be t o o  c r i t i c a l .  
The performance  of  th e  h y b r id  in s t ru m e n t  o u t l i n e d  i n  Table 9.1 
( in s t ru m e n t  number 1) cou ld  n o t  be m a in ta ined  over  a wide t e m p e ra t u r e  
r an g e .  This  d e s ign  was t h e r e f o r e  no t  c o n s id e re d  s u i t a b l e  f o r  
m anufac tu re .
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In s t ru m en t  number 2 i s  a h y b r id  in s t ru m en t  which i s  a s i m p l i f i e d  v e r s io n  
of  t h e  f i r s t  i n s t ru m e n t  which was des igned  t o  meet th e  needs  of  an Open 
U n i v e r s i t y  c o u r s e .  S p e c i f i c a l l y  t h e  major s i m p l i f i c a t i o n  i n  t h i s  
in s t ru m e n t  i s  t o  use a l a d d e r  network c o n t r o l  s t r a t e g y  which lo c k s  th e  
dose and t ime r e g i s t e r s  t o g e t h e r .  Although th e  e a r l i e r ,  more e l e g a n t ,  
des ign  could  compute Leq from a wider range  of  dose and time 
i n f o r m a t io n ,  t h i s  i n c r e a s e d  range  o f  accuracy  on ly  a p p l i e d  t o  r e a d i n g s  
which cou ld  no t  be d i s p l a y e d  due t o  t h e  meter  l i m i t a t i o n s .
The in ten d ed  a p p l i c a t i o n  meant t h a t  th e  in s t ru m e n t  had t o  be r e l i a b l e  
and easy  t o  o p e r a t e  as  i t  was t o  form p a r t  of  th e  home exper im en t  k i t .  
In  a d d i t i o n  t o  t h i s  i t  had t o  meet a n o n - t r i v i a l  des ign  s p e c i f i c a t i o n  
w i t h i n  t h e  r e s t r i c t e d  budget  of  t h e  Open U n i v e r s i t y .  As i s  e v i d e n t  from 
th e  r e s u l t s  from t h i s  i n s t r u m e n t ,  i t s  Type 2 c l a s s i f i c a t i o n  i s  due t o  
dynamic span r a t h e r  than  exchange r a t e  e r r o r s .  S ince  t h i s  i s  l i m i t e d  by 
th e  use  o f  on ly  two b a t t e r i e s ,  i t  i s  p robab ly  c ap a b le  o f  improvement.  
This  des ign  has  been manufac tu red  s u c c e s s f u l l y  and i s  now used by a 
number o f  p u b l i c  bod ies  th roughou t  th e  w or ld .
In s t rum en t  number 3 i n  Table 9.1 i s  t h e  m i c ro p ro c e s so r -b a se d  p ro to ty p e  
u s in g  a charge b a l a n c in g  a l g o r i t h m  d e s c r ib e d  i n  th e  e a r l y  s e c t i o n s  of  
Chapter  Seven.  I t  was developed  t o  p rov ide  an a l t e r n a t e  t o  t h e  
in s t rum en t  2 f o r  use by t h e  Open U n i v e r s i t y .  The per formance o f  t h i s  
in s t ru m e n t  in  computing L0q i s  n o t  as  good as  th e  p rev io u s  one ,  however 
t h i s  in s t ru m e n t  o f f e r e d  th e  a d d i t i o n a l  f e a t u r e  o f  p r o v i d i n g  t h e  
s t a t i s t i c a l  l e v e l s ,  a f e a t u r e  p a r t i c u l a r l y  sought  a f t e r  by t h e  couse 
team. The c o s t  p e n a l ty  o f  i n c lu d in g  a m ic ro p ro ces s o r  embodied w i t h i n  
th e  in s t ru m e n t  was a major f a c t o r  a g a i n s t  t h i s  u n i t .  The second h y b r i d  
i n s t ru m en t  was e v e n t u a l l y  adap ted  f o r  i n t e r f a c e  t o  t h e  ana logue  t o
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d i g i t a l  c o n v e r t o r s  of  th e  BBC model B microcomputer and s p e c i a l  s o f tw are  
was p repared  t o  f a c i l i t a t e  g e n e r a t i o n  o f  th e  s t a t i s t i c a l  i n d i c e s .
The performance  of  t h e  f i n a l  i n s t ru m e n t  i s  t h a t  of  in s t ru m en t  4 in  
Table  9 . 1 .  The exchange r a t e  t o l e r a n c e  e r r o r s  a r e  w e l l  w i th i n  th e  
l i m i t a t i o n s  imposed by a Type 0 c l a s s i f i c a t i o n .  The u n c e r t a i n t i e s  in  
the  dynamic span and peak f a c t o r  f i g u r e s  a r e  as  a r e s u l t  o f  th e  l i m i t s  
imposed by t h e  i n s t r u m e n t a t i o n  sys tem,  however the y  a l s o  r e p r e s e n t  




E v a lu a t io n  p rocedures  developed  as p a r t  o f  t h i s  work and t h e  s t a n d a r d s  
demanded by th e  a l lowed  t o l e r a n c e s  cou ld  n o t  be a t t a i n e d  by p re v io u s  
i n s t r u m e n t a t i o n .  These p rocedures  r e q u i r e  th e  use  of  d e d i c a t e d  hardware  
t o  a s s e s s  f u l l y  th e  im p o r tan t  c h a r a c t e r i s t i c s  o f  i n t e g r a t i n g  sound l e v e l  
m e te r s .
The l i m i t a t i o n s  o f  e a r l i e r  i n s t r u m e n t s ’ r e sponse  t o  im pu ls ive  s i g n a l s  
has  been a t t r i b u t e d  t o  both  t h e  s q u a r in g  and i n t e g r a t i n g  s t a g e s .  These 
l i m i t a t i o n s  have been a s s e s s e d  and th e  c r i t i c a l  mechanisms have been 
i d e n t i f i e d .  Techniques have been developed which overcome th e s e
l i m i t a t i o n s .  S p e c i f i c a l l y ,  t h e s e  in c lu d e  maximizing th e  ga in -b a n d w i th
and slew r a t e  l i m i t  w i t h i n  th e  a b s o l u t e  va lue  and 21og s t a g e s ,  t o g e t h e r  
w i th  c a r e f u l  s e l e c t i o n  o f  th e  d iodes  and t r a n s i s t o r s .
A novel  t e c h n iq u e ,  developed  f o r  use i n  th e  h y b r id  i n s t r u m e n t ,  i s  t o  
combine bo th  analogue  and d i g i t a l  e lements  f o r  s t o r i n g  t h e  dose
i n fo rm a t io n .  This  combines th e  advan tages  of  t h e  s t a b i l i t y  of  d i g i t a l
s to r a g e  w i th  t h e  con t inuous  n a t u r e  o f  analogue p r o c e s s i n g .
The optimum c o n f i g u r a t i o n  fo r  an in s t ru m e n t  which a t t a i n s  a high 
performance  a g a i n s t  th e  demanding s p e c i f i c a t i o n ,  i s  formed by t h e  u se  o f  
ana logue  t e c h n iq u e s  f o r  t h e  m a j o r i t y  of  t h e  s i g n a l  p r o c e s s i n g ,  w i th  a 
combinat ion  o f  random l o g i c  and m ic ro p ro c e s s o r -b a se d  t e c h n iq u e s  f o r  
c o n t r o l  and d a t a  s t o r a g e .
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DATA STRUCTURE FOR DATA FORMAT AND STORAGE
T h i s  s t r u c t u r e  r u n s  w i t h i n  t h e  t i m e r  i n t e r r u p t  a f t e r  a / d  c o n v e r s i o n  a n d  
i n t e g r a t o r  r e s e t .
IF  ACMODE —  0 
THEN RETURN 
*** DO A/D ETC HERE ***
PACK TWO BYTES OF DATA INTO DATA WORD 
IF  DATA WORD > MAX WORD
THEN MAX WORD « DATA WORD
IF  LCD_MAX_UPDATE == 1 
THEN CONVERT MAX WORD TO BCD
LOG ADD DATA WORD TO CUM TOTAL WORD 
I F  LCD_CUM_UPDATE ««  1 
THEN CONVERT CUM TOTAL WORD TO BCD 
LOG ADD DATA WORD TO RUNNING TOTAL WORD 
TOTAL COUNTER
I F  TOTAL COUNTER »» ACTYPE (EG 8 0 )
THEN TOTAL COUNTER = 0
IF  L CD_LE Q__UP DA TE =» 1
THEN CONVERT RUNNING TOTAL WORD TO BCD
RAM VALUE « RUNNING TOTAL WORD + CODE + ERRORFLAG 
STORE RAM VALUE AT RAM POINTER 
INC RAM POINTER (2 4  BIT)




0 0 0 0 0 0 0 1 . 0 0 0 0 0 0 0 1
0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0
1 START OF HEADER 
j  2 NO OF DATA SAMPLES
3 CLOCK
OFFSET TO START OF NEXT HEADER
OFFSET TO START OF DATA 




8 START/END OF TEXT
1 S t a r t  o f  h e a d e r  ASCII c o d e  x 2 .
2 No o f  d a t a  s a m p l e s ,  NB n o t  i n c l u d i n g  n o n - d a t a  b o u n d e d  by 0000H , 0000H .✓
3 C lo c k  g i v e s  s t a r t  t i m e  i n  s e c o n d s  f ro m  ...........
4 O f f s e t  t o  s t a r t  o f  n e x t  h e a d e r ,  f r o m  s t a r t  o f  t h i s  h e a d e r .
5 O f f s e t  t o  s t a r t  o f  d a t a ,  f r o m  s t a r t  o f  t h i s  h e a d e r .
6 O f f s e t  t o  s t a r t  o f  s t a t u s  i n f o r m a t i o n ,  f r o m  s t a r t  o f  t h i s  h e a d e r ,  00  = n o  i n f o
7 B a s i c  d a t a  t y p e  i n f o r m a t i o n .
3 2 1 0
7 6 5
B A 9 CO
I
F E D C
B 2







NIBBLE 7 :  
NIBBLE 8 :  
NIBBLE 9 :  
NIBBLE A:
0 N ot i n  u s e  o r  n o t  r e l e v a n t  -  c o d i n g  c o u l d  b e  i n  u s e .
1 Sound
2 V i b r a t i o n
3 V o l t a g e
F Go t o  d a t a  t y p e  e x t e n s i o n  f o r  m ore  i n f o r m a t i o n  
: I n t e n t i o n a l l y  l e f t  b l a n k .
: F r e q u e n c y  w e i g h t i n g .
0 N o t  i n  u s e  o r  n o t  r e l e v a n t
1 A w e i g h t i n g
2 B w e i g h t i n g
3 C w e i g h t i n g
1J D w e i g h t i n g
5 L in  w e i g h t i n g
6 I n t e g r a l
7 D o u b le  I n t e g r a l
8 D i f f e r e n t i a l
F Go t o  d a t a  t y p e  e x t e n s i o n  f o r  m o re  i n f o r m a t i o n/
: I n t e n t i o n a l l y  l e f t  b l a n k
F i l t e r s
0 N ot i n  u s e  o r  n o t  r e l e v a n t
1 A l l  8v e  f i l t e r s  i n  u s e ,  e a c h  c h a n n e l  s a m p le d  s e q u e n t i a l l y
2 A l l  38v e  f i l t e r s  i n  u s e ,  e a c h  c h a n n e l  s a m p le d  s e q u e n t i a l l y
3 A l l  8v e  f i l t e r s  i n  u s e ,  e a c h  c h a n n e l  s a m p le d  s i m u l t a n e o u s l y
4 A l l  38v e  f i l t e r s  i n  u s e ,  e a c h  c h a n n e l  s a m p le d  s i m u l t a n e o u s l y
F Go t o  d a t a  t y p e  e x t e n s i o n  f o r  m o re  i n f o r m a t i o n .  
I n t e n t i o n a l l y  l e f t  b l a n k .
T im e r e s p o n s e  a p p l i e d
0 N o t  i n  u s e  o r  n o t  r e l e v a n t
1 T ru e  I n t e g r a l
2 P e a k  H o ld
3 I m p u l s e  H o ld
4 F a s t  H o ld
5 S low  H o ld
6 I m p u l s e  n o r m a l
7 F a s t  n o r m a l
8 S lo w  n o r m a l
F Go t o  d a t a  t y p e  e x t e n s i o n  f o r  m o r e  i n f o r m a t i o n  
I n t e n t i o n a l l y  l e f t  b l a n k
Code b u t t o n s  u s e d  B 3B 2B i B 0 E C4C 3C2Ci
I n t e n t i o n a l l y  l e f t  b l a n k
S a m p le  t i m e
0 N ot i n  u s e  o r  n o t  r e l e v a n t





5 10  s
6 60 s
F Go t o  d a t a  t y p e  e x t e n s i o n  f o r  m o re  i n f o r m a t i o n  
I n t e n t i o n a l l y  l e f t  b l a n k
C a l i b r a t i o n  o f f s e t
B i t  0 s e t  i f  c a l i b r a t e d  s i n c e  l a s t  p a u s e ,  o t h e r w i s e  c l e a r e d  
B i t  3 s i g n i f i e s  i f  t h e r e  i s  a n o t h e r  d a t a  t y p e  (0  -  NO, 1 -  YES)
8 D e l i m i t e r s  f o r  t e x t u a l  i n f o r m a t i o n .  D e f a u l t  i s  START OF TEXT -  END OF TEXT.
E x t e n d e d  H e a d e r  1
I f  a n y  o f  t h e  n i b b l e s  i n  t h e  b a s i c  d a t a  t y p e  i s  s e t  t o  ’ F ' ,  t h e  d a t a  t y p e  
e x t e n s i o n  i s  i n s e r t e d  b e f o r e  t h e  t e x t .  T he  d a t a  t y p e  e x t e n s i o n s  a r e  
p l a c e d  i n  t h e  o r d e r  i n  w h ic h  t h e y  w e r e  c a l l e d ,  e g  NIBBLE 0 ,  NIBBLE 2 ,  e t c .  
The d a t a  t y p e  e x t e n s i o n s  a r e  t e r m i n a t e d  b y  a  " z e r o ” w o r d .  I f  t h e  d a t a  
t y p e  s a y s  t h a t  a  n o n - s t a n d a r d  f o r m  i s  i n  u s e  ( F ) ,  t h e  e x t e n s i o n  may o n l y  
c o n s i s t  o f  t h e  z e r o  w o r d ,  t o  s a y  t h a t  n o  f u r t h e r  e x p l a n a t i o n  i s  p o s s i b l e .  
The num ber o f  " z e r o ” w o rd s  m u s t  e q u a l  t h e  nu m b er  o f  d a t a  t y p e  e x t e n s i o n s  






DATA STRUCTURE FOR KEYBOARD INTERPRETATION
T h i s  s t r u c t u r e  r u n s  w i t h i n  t h e  m e in  l o o p .
GET A KEY VALUE 
IF  KEY «  LED ENABLE
THEN SET LEDS ON FLAG
ELSE IF KEY —  SHORT LEQ
TIEN LCD LEQ UPDATE - 1
LCD“ MAX UPDATE « 0
LCD CUM UPDATE - 0
LCD NO UPDATE -  C)
UPDATE LEDS BYTE
ELSE IF KEY . .  MAX LEQ
TIEN LCD LEQ UPDATE - 0
LCD MAX UPDATE * 1
LCD CUM UPDATE - 0
LCD NO UPDATE « Ci
UPDATE LEDS BYTE
ELSE IF KEY —  CUM LEQ
THEN LCD LEQ UPDATE - 0
LCD MAX "UPDATE - 0
LCD CUM UPDATE - 1
LCDJJO UPDATE -  0
u pda te~'l e d s  b y t e
ELSE IF  KEY —  LEQ NO
THEN LCD LEQ UPDATE - 0
LCD MAX UPDATE = 0
LCD CUM UPDATE « 0
LCD NO UPDATE « 1
UPDATE LEDS BYTE'
ELSE I F  ACMODE —  1
THEN IF  KEY «« PAUSE
THEN ACMODE » 0
FINISH HEADER 
UPDATE LEDS BYTE 
ELSE IF  KEY —  RESET CUM 
THEN CUM VALUE «■ 0 
ELSE IF  KEY *— RELEASE MAX 
THEN MAX VALUE 0 
ELSE IF  KEY ROW —  CODES ROW 
THEN CODE STORE -  KEY COLUMN NIBBLE 
ELSE ( I F  ACMODE —  0 )
THEN IF  KEY —  CAL
THEN DO NOTHING
ELSE IF  KEY —  " 1 / 8 "  OR KEY —  ” 1" OR KEY —  " 1 0 "  
THEN ' UPDATE LEDS BYTE
IF  KEY - "1 / 8 "
THEM ACTYPE » 1
ELSE IF KEY — «-] 1!
THEN- ACTYPE » 8
ELSE IF  KEY — " 1 0 "
THEN '■ ACTYPE -  80
ACMODE •«' 1 '
ELSE DO NOTHING
IF LCDJIO UPDATE =»•« V
THEN CONVERT LCD NO TO DISPLAY FORMAT
ELSE I F  LCD LEQ UPDATE- —  1
THEN CON?ERT~LEQ VALUE TO DISPLAY FORMAT
DISPLAY DATA SELECTED BY LCD UPDATE FLAGS
B 5
COMMS INTERRUPT STRUCTURE DESIGN
IF  INTERRUPT DUE TO TXREADY 
TIEN IF  TXFLAG !~1 
THEN RTI
IF  RAMFLAG « -  0 
, THEN GET CHAR FROM TXPTR
PUT CHAR INTO TXD 
CLI
TXPTR++
IF  TXPTR TXEND 
THEN TXFLAG -  0 
RTI
ELSE SAVE PORT2
P 2 . 0  « TXBANK 
P 2.1  = TXPAGE 
GET CHAR FROM TXPTR 
PUT CHAR INTO TXD 
RESTORE P0RT2 
CLI
IF  TXHFLG —  1
THEN I F  TXBANK —  0
TIEN . IF  HDRCTR —  6
THEN OFF2 -  CHAR
, ELSE IF  HDRCTR —  7
THEN OFF*l -  CHAR
ELSE IF  HDRCTR ««  6
THEN OFF1 » CHAR
ELSE I F  HDRCTR ««  7
THEN OFF3 ** CHAR
I F  TXBANK —  01 
THEN TXBANK « 0 
RTI
ELSE TXBANK -  1 
TXPTR++
IF  TXPTR E000 
THEN TXPTR «* RAMSTRT
TXPAGE « 1 
I F  TXHFLG 5” 0
THEN IF  TXPTR «« TXEND
THEN I F  TXPAGE —  TXENDPG
• ■THEN - ' TXFLAG -  0
RTI
ELSE HDRCTR* +
■' ‘ : : ' IF  HDRCTR —  16
: : THEN IF  0FF1 —  0
THEN IF  0FF2 —  0 
’ : THEN IF  0FF3 0
' THEN IF  OFF*l —  0
THEN TXFLAG -  0 
TXHFLG -  0 
RTI
HDRSTRT +» 0FF2.0FF1 DOUBLE 
HSTRTPG +» 0FF3 + CARRY 
TXPAGE « HSTRTPG 
TXPTR -  HDRSTRT
' ' RTI
ELSE ( I F  INTERRUPT DUE TO'RXREADY, OR OVF)




IF  CHAR »« ESC
TIEN TXPTR -  START OF ESC MESSAGE IN ROM 
TXPAGE -  0
TXEND -  END OF ESC MESSAGE IN ROM + 1
TXENDPG -  0





ELSE IF  NUMBER MODE «  1
THEN PUT CHAR IN RXPTR 
INC RXPTR
IF  RXPTR >« RXBUF+20 
THEN NUMBER MODE « 0
CALCULATE RAMSTART AND RAMEND FROM 16 DIGITS 
FROM RXPTR+2 IE IGNORE THE LG CHARACTERS 
TXPTR » CALCULATED RAMSTART 
TXPAGE * CALCULATED RAMSTART 
TXEND » CALCULATED RAMEND 
TXENDPG » CALCULATED RAMEND 
TXHFLG -  C 
RAMFLAG -  1 
TXFLAG « 1 
TXBANK -  0 
RXPTR » RXBUF
RTI
ELSE PUT CHAR INTO RXPTR 
INC RXPTR
IF  RXPTR >» RXBUF+4 
THEN I F  MESSAGE IN RXBUF —  PR 
THEN TXFLAG -  1 
TXHFLG * 1
TXPTR * START OF RAM 
HEADER START -  TXPTR 
HDRCTR « 0 
RAMFLAG -  1 
TXPAGE « 0 
HSTRTPG « 0 
TXBANK « 1 . •
RXPTR « RXBUF 
NUMBER MODE -  0 
RTI
' • ELSE IF  MESS AGE IN RXBUF •—  ID
THEN TXPTR » START OF ID MESSAGE IN ROM
;' r  TXPAGE -  0 '
TXEND -  END OF ID MESSAGE IN ROM + 1 
; TXENDPG -  0
TXFLAG » 1 
TXHFLG » 0 
' ■ RAMFLAG -  0
TXBANK -  0 
RXPTR •* RXBUF 
NUMBER MODE -  0 
: RTI
ELSE IF  ’.MESSAGE IN RXBUF «  LG 
- THEN NUMBER MODE « 1
'RTI ' '  / ; ;  .
B 7
TXPTR -  START OF ERROR MESSAGE IN ROM 
TXPAGE -  0
TXEND -  END OF ERROR MESSAGE IN ROM + 1
TXENDPG -  0
TXFLAG -  1
TXHFLG -  0
RAMFLAG » 0
TXBANK « 1
RXPTR -  RXBUF
NUMBER MODE -  0
RTI
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0 0 0 0  040A 20
OOOA 21
0 0 0 A 27 22




0 0 0 E 39 26
OOOF B87F 27
0011 AO 28
0012  E811 29








0016  D5 37
0017  BC20 38
0 0 1 9  2383 39
001 B 62 40
0 0 1 C 55 41
001 D 148C 42
0 0 1 F EC31 43
0021 BC20 44
0023  341E 45
0025  OA 46
0 0 2 6  37 47
00 2 7  32 2 F 48
0 0 2 9  3494 49
002B 5 4 0 0 50
002D  0431 51
0 0 2 F 542D 52
0031 145B 53
0033  FC 54
0034  0316 55
00 3 6  9619 56
$ PAGEWIDTH(8 0 )  .PAGELENGTH( 6 9 ) DEBUG
PROGRAM.TO MEASURE DOSE BY CONTROLLING A CHARGE 
BALANCING INTEGRATOR WITH. TWO SELECTABLE BALANCING 
CURRENTS, & T.O, CALCULATE EITHER LEQ OR SOUND EXPOSURE 
FROM THE DOSE & TIME DATA.
THE CURRENT SOUND."LEVEL IS. SAMPLED EVERY 1 QMS USING AN 
A/D CONVERTER, « A SERIES OF 1 DB WIDE BINS ARE USED 
TO.ACCUMULATE DATA FOR CALCULATION OF TWO 
. SYMMETRICAL PERCENTILES: L1 0 .& L 90.
HITIM EQU 03H 






ANL P 2 ,//0F H
OUTL BUS, A 
0 UTL P i,A  




MAIN PROGRAM FOR CONT 
MAIN: SEL R51
MOV R4,# 2 OH 
STARTT: MOV A ,#83K  




MOV R4,# 2 OH 
CALL DOSCON 






SEXREQ: CALL SEXCAL 
LEQINT: CALL LEQDA 
MOV A, R4 
ADD A, ir\ 6H 
JNZ STARTT
IN IT IA L IZ E  VARIABLES
;SA«=OOH
; JUMP TO RESET ROUTINE
CLEAR STOP SIGNAL &
LO & HI CURRENTS 
CLEAR BUS 
CLEAR PORT 1 
CLEAR ALL DATA MEMORY
WAIT UNTIL CHARGE BALANCING 
IS  REQU'D BEFORE STARTING 
TIMER -  INTEGRATOR DOES NOT 
RESET PROPERLY
ROLLING METER FUNCTIONS 
IN IT IA L IZ E  R4 TO TIME 
LEQ CALCULATIONS 
IN IT IA L IZ E  TIMER FOR 
1 OMS PERIOD
PERFORM SOUND LEVEL CONVERSION 
EVERY 32OMS UPDATE METER 0 /P  
RESET R4 TO TIME LEQ CALCS 
CONVERT DOSE VALUE 
LEQ OR SOUND EXPOSURE?
(INVERT SWITCH LOGIC)
SE , JUMP TO SE ROUTINE 
LEQ, CONVERT TIME VALUE 
CALCULATE & 0 /P  LEQ ON BUS 
BALANCE THE INTEGRATOR 
CALCULATE & 0 /P  SE ON BUS 
PERFORM CHARGE BALANCING 
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LOC OBJ LINE SOURCE STATEMENT
58 9
0 0 3 8 341 E 59 CALL DOSCON YES, UPDATE DOSE.& TIME
003A 3494 60 CALL TIMCON
003C FC 61 MOV A,R4
003D 37 62 CPL A '
003E 17 63 INC A
0 0 3 F 6F 64 ADD A,R7
OOMO 0332 65 ADD A, ??32H
0 042 B81 A 66 MOV RO ,#1 AH STORE UPDATED LEQ VALUE IN
0044 AO 67 MOV gRQ, A .R2, REGISTER BANK 1
0 0 4 5 14C2 68 CALL L i090 CALCULATE L1 0 <k L90
0 0 4 7 8A4F 69 ORL P2,.#4FH SIGNAL END OF PERIOD & DATA
70 READY FOR PRESENTATION
0 0 4 9 OA 71 SERREQ: IN A5 P2 TEST FOR REQUESTED DATA
004A 37 72 CPL A (INVERT SWITCH LOGIC)
004B 1253 73 JBO L100UT BIT 0 SET, L10 REQUESTED
004D 3257 74 JB1 L900UT B IT  1 SET, L90 REQUESTED
004F FA 75 MOV A, R2 BIT 2 SET, LEQ REQUESTED
0 0 5 0 02 76 OUTL BUS,A OUTPUT LEQ
0051 0449 77 JMP SERREQ & RETURN TO SERVICE REQUESTS
00 5 3 FC 78 L100UT: MOV A, R4
0054 02 79 OUTL BUS, A OUTPUT L10
0 0 5 5 0449 80 JMP SERREQ & RETURN TO SERVICE REQUESTS
0 0 5 7 FB 81 L900UT: MOV A,R3
0 0 5 8 02 82 OUTL BUS,A ;OUPUT L90
0 0 5 9 0 4 4 9 83 JMP SERREQ & RETURN TO SERVICE REQUESTS
84 !
85 >
86 ;LEQ DATA AQUJ.SITION
005B C5 87 LEQDA: SEL RBO
005C 35 88 DIS TCNTI DISABLE INTERUPTS
005D 15 89 DIS I
005E B903 90 MOV R 1.//H IT IM SET MAX NO OF LORAMPS
91 BEFORE SELECTING HI RAMP •
0060 1686 92 LEQTST: JT F  TIMINT TEST TIME OVERFLOW FLAG
93 BEFORE A COMPLETE
94 INTEGRATION CYCLE BEGINS
00 6 2 2666 95 JMTO LOCNT TEST INTEGRATOR COMPARATOR
0064 0460 ' 96 JMP LEQTST UNTIL BALANCING REQUIRED
0066 E975 97 LOCNT: DJNZ R1,LORAMP IF  HITIM IS  NOT EXCEEDED USE
98 LORAMP, OTHERWISE CONTINUE
99 9
100 9
0 0 6 8 8A20 101 HI RAMP: ORL P 2 ,# 2 OH SWITCH ON HI CURRENT
102 VIA PORT 2 B IT  5
006A 1 4BD 103 CALL DELAY III CURRENT ON FOR PREDTERMINED
104 PERIOD
006C 9A0F 105 ANL P 2 ,# 0 F H SWITCH OFF HI CURRENT
006E 1 E 106 INC R6 INCREMENT SECOND BYTE OF
107 LEQ COUNT
0 0 6 F FE 108 MOV A,R6 SECOND BYTE OVERFLOW?
0070 965E 109 JNZ LEQTST-2 NO, NEXT INTEGRATION
0 0 7 2 1 F 110 INC R7 YES, INCREMENT THIRD BYTE
0073 045E 111 1 1 0





0075 8A10 114 LORAMP : ORL P 2 ,#1 OH SWITCH ON LO CURRENT
115 VIA PORT 2 B IT  4
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LOC OBJ LINE .... SOURCE STATEMENT
0 0 7 7 1 4BD 116 CALL DELAY LO CURRENT ON FOR PREDETERMINED
117 PERIOD . .
0079 9A0F 118 ANL P 2 ,# 0 F H SWITCH OFF LO CURRENT
007B 1 D 119 INC R5 INCREMENT FIR ST BYTE OF
.120 LEQ COUNT
007C FD 121 MOV A, R5 FIR ST BYTE OVERFLOW?
007D 9660 122 JNZ LEQTST NO, .NEXT INTEGRATION
0 0 7 F 1 E 123 INC R6 YES, INCREMENT SECOND BYTE
0080 FE. 124 MOV A, R6 SECOND BYTE OVERFLOW?
0081 9660 125 JNZ LEQTST NO, NEXT.INTEGRATION
0083 1 F 126 INC R7 YES, INCREMENT THIRD BYTE
0084 0 4 6 0 127 JMP LEQTST NEXT. INTEGRATION .
0086 1 B 128 TIMINT : INC R3 INCREMENT LO BYTE OF TIME STORE
00 8 7 FB 129 MOV A, R3
0 0 8 8 968B 130 JNZ TIMCNT & ON OVERFLOW
00 8 A 1C 131 INC R4 ' INCREMENT H I BYTE
00 8B 83 1321 0 o
TIMCNT : RET RETURN TO MAIN
1 5 5  
134 9
135 jSOUMD LEVEL CONVERSION FOR L 1 0 /L 9 0  COMPUTATION
008C D5 136 SLCONV : SEL RB1 ;SELECT REGISTER BANK 1
008D 35 137 DIS TCNTI DISABLE INTERUPTS
008E 15 138 DIS I
0 0 8 F BF06 139 MOV R 7 ,#06H COUNTER R7“ 6
0091 27 140 CLR A ; CLEAR A,R6
0092 AE 141 MOV R 6, A
0093 BD40 1 42 MOV R 5,#40H ;SET TEST B IT IN R5
143 !
144 i
145 ;6  BIT SUCCESSIVE APPROXIMATION ALGORITHM
00 9 5 FD 146 LOOP: MOV A,R5 MOVE TEST B IT RIGHT.
0096 77 147 RR A FROM MSB TO LSB
0097 AD 148 MOV R5,A
00 9 8 4E 1 49 ORL A,R6 ADD IT  TO PRESENT VALUE IN R6
0 0 9 9 39 150 OUTL P 1 , A AND OUTPUT VIA PORT 1
009A BA04 151 MOV R 2 ,//0 4 h TEMP DELAY FOR TESTING
009C EA9C 152 TIMDEL DJNZ R2,TIMDEL
009E 56A1 153 JT1 DROP OUTPUT TOO LARGE?/ 154 YES, DROP NEW VALUE
00A0 AE 155 MOV R6,A NO, SAVE NEW VALUE
00A1 EF95 156 DROP: DJNZ R7,LOOP GO ON TO NEXT B IT
157 WITH CONVERTED VALUE IN R6
00A3 23FF 158 MOV A,#OFFH SET PORT 1 H I TO FORCE
00 A5 39 159 OUTL PI ,A COMPARATOR HI
160 9
161 i
1 62 ; INCREMENT THE APPROPRIATE BIN
00A6 97 163 CLR C CLEAR CARRY BIT
00 A7 FE 164 MOV A,R6 IS  CONVERTED VALUE
00A8 03 D8 165 ADD A.//0D8H WITHIN 40 DB RANGE?
OOAA F6B8 166 JC OLOAD NO, INCREMENT OVERLOAD BIN
00  AC FE 167 MOV A,R6 YES, RESTORE VALUE
00 AD 6E 168 ADD A,R6 FORM ADDRESS OF TWO BYTE BIN
OOAE 0320 169 ADD A, #20H ADD OFFSET ADDRESS
00 BO A8 1 70 MOV RO,A LOAD ADDRESS TO'MEM POINTER
00B1 10 171 INC §R0 INCREMENT BIN CONTENTS
00 B2 FO 172 OVFLOW: MOV A,@RO HAS LO BYTE OVERFLOWED?
00B3 96B7 173 JNZ SLFIN NO, JUMP TO END OF SUBROUTINE
C 3
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LOC OBJ LINE SOURCE STATEMENT
00 B5 18 174 INC RO ; YES, MOVE MEM POINTER
00B6 10 175 INC @R0 ; & INCREMENT H I BYTE
00  B7 83 176 S L F IN : RET ; RETURN TO MAIN
00B8 B870 177 OLOAD: MOV R 0,#70H ;FORM ADDRESS OF OVERLOAD
OOBA 10 178 INC @R0 ' ; & INCREMENT LC BYTE
OOBB 04B2 179 JMP OVFLOW ■ ; RETURN TO TEST LO BYTE
180 i
181 9
OOBD BA9D 182 DELAY: MOV R2,#9DH -.PRESET TIME OF 800US
OOBF EABF 183 CHBTIM: DJNZ R2,CHBTIM ; FOR CHARGE BALANCING
00C1 83 184 RET ; RETURN TO LEQDA
185 9
186 9
187 ;L 1 0 /L 9 0  COMPUTATION FROM BINNED DATA
188 ; LI 0 COMPUTATION
00C2 97 189 L1 0 9 0 : CLR C ; CLEAR CARRY B IT
00C3 D5 190 SEL RB1 ;SELECT REGISTER BANK 1
0004 35 191 DIS TCNTI ; DISABLE INTERUPTS
00  C5 15 192 DIS I
00  C6 BE17 193 MOV R6, //LPC10H ;LOAD LPC10 TO R 6,R 7
00  C8 BF70 194 MOV R 7,#LPC 10L
00 CA B872 195 MOV RO, #72H' ;LOAD BIN FINNISH ADDRESS
OOCC C8 196 DECBIN: DEC RO ; TO MEM POINTER
OOCD C8 197 DEC RO
OOCE F8 198 MOV A, RO ;I S  MEM POINTER IN  RANGE?
OOCF 03 EO 199 ADD A, //OEOH j YES, CONTINUE
00D1 C6DB 2 0 0 JZ STL10 ; NO, STORE THIS VALUE!
00  D3 34 0 8 201 CALL DSUB - ; SUBTRACT (@ R 0^1)(§R 0)
202 ; FROM R 6,R 7
00 D5 E6D3 203 JNC STL10 ;STORE BIN ADDRESS IF  CY=0
00 D7 FF 204 MOV A,R7 ;R 6 ,R 7 -0 ?
00D8 4E 205 ORL A,R6 ; YES, STORE ADDRESS
00 D9 96CC 206 JNZ DECBIN ; NO, TRY NEXT BIN
OODB 23 2 0 207 STL1 0 : MOV A, #2OH ; USING TWO'S COMPLEMENT
OODD 37 208 CPL A ; & ADDITION, SUBTRACT
OODE 17 209 INC A ; BIN OFFSET ADDRESS
00 DF 68 210 ADD A,RO ; FROM MEM POINTER
00  EO 97 211 CLR C ; CLEAR CARRY BIT
00E1 67 ' 212 RRC A ; DIVIDE ADDRESS BY 2
00 E2 E3 213 M0VP3 A,@A ;SCALE & OFFSET USING
21 4 ; LOOK UP TABLE
00  E3 03 FA 215 ADD A, #OFAH ; LI 0 9 0 /LEQ BALANCE
00 E5 AC 216 MOV R4, A ;STORE L10 IN R4
217 ;L 90 COMPUTATION
00E6 97 21 8 CLR C ; CLEAR CARRY BIT
00 E7 BE17 219 MOV R6,#LPC10H ;LOAD LPC10 TO R 6,R7
00  E9 BF70 220 MOV R 7,#LPC 10L
OOEB B81 E 221 MOV R O ,#1 EH ;LOAD BIN START ADDRESS
OOED 18 222 INCBIN: INC RO ; TO MEM POINTER
OOEE 18 223 INC RO
OOEF F8 224 MOV A, RO ; IS  MEM POINTER IN RANGE?
00  FO 03 9 0 225 ADD A ,#90H ; YES, CONTINUE
00 F2 C6FC 226 JZ STL90 ; NO, STORE THIS VALUE!
00F 4 3 4 0 8 227 CALL DSUB jSUBTRACT (§R0 + 1)(@ R 0)
228 ; FROM R 6,R 7
00  F6 E6FC 229 JNC STL90 ;STORE BIN ADDRESS IF  CY~0
00  F8 FF 230 MOV A,R7 ;R o ,R 7 = 0 ?
0 0F 9 4E 231 ORL A,R6 ; YES, STORE ADDRESS
C 4
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LOC OBJ LINE SOURCE STATEMENT
00 FA 96ED 232 JNZ INCBIN ; NO, TRY NEXT BIN
00FC 2 3 2 0 233 ST L 90: MOV A ,#20H  ; USING TWO'S COMPLEMENT
00 FE 37 234 CPL A ; & ADDITION, SUBTRACT
OOFF 17 235 INC A ; BIN OFFSET ADDRESS
0 1 0 0 68 236 ADD A,,R0 ; FROM MEM POINTER
0101 §7 237 CLR C ; CLEAR CARRY BIT
0102 67 23 8 RRC A ; DIVIDE ADDRESS BY 2
0103 E3 239
24 0
M0VP3 A,@A {SCALE & OFFSET USING 
; LOOK UP TABLE
0104 03 FA 241 ADD A, #0FAH ;L 1090 /L E Q  BALANCE
0106 AB 242 MOV R 3,A  {STORE L90 IN R3
0107 83 243 RET ; RETURN TO MAIN
244
245
246 {SUBROUTINE FOR SUBTRACTION OF TWO 16 BIT NUMBERS
0108 FO 247 DSUB: MOV A,(?RO ;FORM TWO'S COMPLEMENT
0109 960C 248 JNZ N0NZ1 ; OF LO BYTE
01 OB 17 249 INC A {OFFSET ZERO BINS
01 OC 37 250 N0NZ1 : CPL A
0 1 OD 0301 251 ADD A, #01 H
01 OF AD 2.52 MOV R5, A ;TEMP STORE (@R0) COMPLEMENT
01 1 0 18 253 INC RO {INCREMENT MEM POINTER
0111 FO 254 MOV A,@R0 {FORM TWO'S COMPLEMENT
0112 37 255 CPL A ; OF H I BYTE & PICK UP
0113 1300 256 ADDC A ,# 0 0 H ; OVERFLOW
0115 AB 257 MOV R3,A ;TEMP STORE (@R0 + 1 ) COMPLEMENT
0116 FD 2 5 8 MOV A, R5 {BEGIN ADDITION '
0117 6F 259 ADD A, R7 {STORE LO ORDER DIFFERENCE
0118 AF 260 MOV R7,A  ; IN R7
0119 FB 261 MOV A,R3
011 A 7E 262 ADDC A,R6 {STORE HI ORDER DIFFERENCE
011 B AE 26 3 MOV R6,A ; IN R6
011C C8 264 DEC RO {DECREMENT MEM POINTER
0 1 1D 83 265
266
267
26 8  
269
RET {RETURN TO L1090
5
i
;L.EQ COMPUTATION FROM ELAPSED TIME DATA STORED IN R 3, R4 
; AND DOSE DATA STORED IN R 5 ,R 6 ,R 7
0 1 1E C5 ' 270 DOSCON: SEL RBO {SELECT REGISTER BANK 0
0 1 1F 35 271 DIS TCNTI {DISABLE INTER UP TS
0120 15 272 DIS I
0121 B879 273 MOV R 0 ,i7 9 H  {TEMP STORE R3-R7 § LOC 7 9 -7 D
0123 FB 274 MOV A ,P3
0124 AO 275 MOV @R0,A
0 1 2 5 18 276 INC RO
0126 FC 277 MOV A, R4
0127 AO 278 MOV @R0,A
01 28 18 279 INC RO
0129 FD 280 MOV A,R5
0 1 2A AO 281 MOV @R0,A
012B 18 282 INC RO
01 2C FE 283 MOV A, R6
012D AO 284 MOV §R 0,A
01 2E 18 285 INC RO
01 2 F FF 286 MOV A,R7
01 30 AO 287 MOV §R 0,A
0131 FF 288 MOV A,R7 ; I S  M S BYTE=0?
0132 963B 2 8 9 JNZ THRBYT ; NO, 3 BYTE CONVERSION REQU'D
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LOC OBJ LINE SOURCE STATEMENT
013^ FE 290 MOV A, Ro ; YES, IS  SECOND BYTE=0?
0135 963F 291 JNZ TWOBYT ; NO, 2 BYTE CONVERSION REQU'D
0137 BA01 292 MOV R 2,#01H ; YES, 1 BYTE CONVERSION REQU'D
01 39 2441 293 JMP DOSLOG ;LOAD APPROPRIATE NUMBER OF
0 1 3B BA03 294 THRBYT: MOV R 2,#03H ; BYTES AND PERFORM LOG
01 3D 2441 295 JMP DOSLOG ; CONVERSION
01 3 F BA02 296 TWOBYT: MOV R 2 ,# 0 2 H
0141 97 297 DOSLOG: CLR C ; CLEAR CARRY B IT
0142 B901 298 MOV R1 ,# 0 1 H ;SET R1 =1
0144 FA 2 9 9 MOV A, R2 ;SET MEM POINTER TO
0 1 4 5  0304 300 ADD A ,#04H ; THE M S NON ZERO BYTE
0147 A8 301 MOV RO, A
0148 FO 30 2 MOV A,§RO ; WHICH IS  THE MSB OF THIS
0149 F25E 303 JB7 R0TAT1 ; REGISTER THAT IS  SET?
0 1 4B 19 304 INC R1 ; USE THIS DATA TO SET
01 4C D25E 30 5 JB6 R0TAT1 ; NUMBER OF REQUIRED
014E 19 306 INC R1 ; ROTATIONS IN R1
01 4F B25E 307 JB5 R0TAT1
0151 19 308 INC R1
0152 925E 309 JB4 R0TAT1
0154 19 310 INC R1
0 1 5 5 725E 311 JB3 R0TAT1
0157 19 312 INC R1
01 5 8  525E 313 JB2 R0TAT1
015A 19 314 INC R1
01 5B 325E 315 JB1 R0TAT1
015D 19 316 INC R1
01 5E B87F 317 R0TAT1 : MOV RO,# 7  FH ; CLEAR MEM LOC 7FH
01 60 BOOO 318 MOV § R 0 ,# 0 0 H
0162 B87F 319 R0TAT2: MOV R 0,#7FH ;STORE NUMBER OF ROTATIONS
0164 10 320 INC @R0 ; PERFORMED+1 § LOC 7FH
0165 C9 321 DEC R1 ;ARE ANY MORE ROTATIONS
0166 F9 322 MOV A, R1 ; REQU'D?
01 67 C675 323 JZ LOOKUP ; NO, LOOK UP LOG OF THIS BYTE
0169 FA 324 MOV A, R2 ; YES, SET NO OF BYTES IN  ACC
01 6A B804 325 MOV R O ,# 0 4 H ;SET MEM POINTER TO L S BYTE-1
0 1 6C 18 326 INCBYT: INC RO ; INCREMENT MEM POINTER
01 6D 20 327 XCH A,@RO ; ROTATE BYTE LEFT WITH CARRY
0 1 6E F7 ' 328 RLC A
01 6F. 20 329 XCH A, @R0
0170 07 330 DEC A ;HAVE ALL BYTES BEEN ROTATED?
0171 966C 331 JNZ INCBYT ; NO, ROTATE NEXT BYTE
01 7 3 2462 332
333
JMP R0TAT2 ; YES, TEST IF  MORE ROTATIONS 
; ARE NEEDED
0175 FA 334 LOOKUP: MOV A, R2 ;LOAD NUMBER OF BYTES USED FOR
0176 A9 335 MOV R1 , A ; CONVERSION INTO R1
0 1 7 7  23 0 4 336 MOV A ,#04H ;LOAD LEFT LEFT HAND JU ST IFIE D
0179 6A 337 ADD A, R2 ; M S BYTE INTO ACC
017A A8 338 MOV RO, A
01 7B FO 339 MOV A, @R0
017C  9680 340 JNZ N0NZ2 ; I F  BYTE-O,
01 7E 2380 341 MOV A ,# 8 0 H ; LOAD 80H TO ACC
0180 E3 342 N0NZ2: M0VP3 A,@A ;LOOK UP LOG OF T H IS BYTE
0181 03 BO 343 ADD A, #0B0H
0183 03 5 0 344 BYTMUL: ADD A ,#50H ; COMPENSATE FOR NUMBER OF
01 85 E983 345 DJNZ R1, BYTMUL ; BYTES USED IN  CONVERSION
01 8 7  29 346 XCH A, R1
0188 B87F 347 MOV R 0,#7FH

J.a±a-JL J. n u o —HO / U r i “ ii i n f l u i u  •HD^&r'iDLin.rt, v h . v r a u c , i
LOC OBJ LINE SOURCE STATEMENT
01 8A FO 348 MOV A, @R0
01 8B 29 349 XCH A, R1 LOAD NUMBER OF ROTATIONS
0 1 8C 030 A 350 ADD A,#OAH PERFORMED IN R1 &
0 1 8E 03F6 351 BITMUL: ADD A ,#0F6H SUBTRACT 10 FROM ACC FOR
0190 E98E 352 DJNZ R'1,BITMUL EACH ROTATION PERFORMED
0192 AF 353 MOV R7, A STORE CONVERTED VALUE IN R7
0193 83 354 RET RETURN TO MAIN
355 »
356 !
01 94 FC 357 TIMCON: MOV A, R4 IS  TIME HI BYTE-0?
0195 969B 358 JNZ TWOTIM NO, 2 BYTE CONVERSION REQU'D
0197 BD01 359 MOV R 5 ,# 0 1 H YES, 1 BYTE CONVERSION REQU'D
0 1 9 9  249D 360 JMP TIMLOG LOAD NUMBER OF BYTES IN R5
01 9B BD02 361 TWOTIM: MOV R 5 ,# 0 2 H & PERFORM LOG CONVERSION
019D B901 362 TIMLOG: MOV R 1,#01H SET R1-1
01 9F FD 363 MOV A, R5 SET MEM POINTER TO THE
01 AO 0302 364 ADD A ,#02H M S NON ZERO BYTE
01 A2 A8 365 MOV RO, A
01 A3 FO 366 MOV A,@RO WHICH IS  THE MSB OF THIS
01 A4 F2B9 367 JB7 R0TAT3 REGISTER THAT IS  SET?
01 A6 19 368 INC R1 USE THIS DATA TO SET NUMBER
01 A7 D2B9 369 JB6 R0TAT3 OF REQU'D ROTATIONS IN R1
01 A9 19 370 INC R1
01 AA B2B9 371 JB5 R0TAT3
01 AC 19 372 INC R1
01 AD 92 B9 373 JB4 R0TAT3
01 AF 19 374 INC R1
01 BO 72 B9 375 JB3 R0TAT3
01 B2 19 376 INC R1
01 B3 52 B9 377 JB2 R0TAT3
01 B5 19 378 INC R1
01 B6 32B9 379 JB1 R0TAT3
01 B8 19 380 INC R1
01 B9 B87E 381 ROTAT3 : MOV RO, #7 EH CLEAR MEM LOC 7 EH
01 BB B000 38 2 MOV 0RO,#OOH
01 BD B87E 383 R0TAT4: MOV RO, #7 EH STORE NUMBER OF ROTATIONS
0 1 BF 10 384 INC @R0 PERFORMED+1 § LOC 7EH
01 CO C9 385 DEC R1 ARE ANY MORE ROTATIONS REQU'D?
01C1 F9 ' 386 MOV A, R1
0 1 C2 C6D0 387 JZ LUKUP NO, LOOK UP LOG OF THIS BYTE
01C4 FD 388 MOV A, R5 YES, SET NO OF BYTES IN ACC
0 1 C5 B802 389 MOV RO, #02H SET MEM POINTER TO L S BYTE-1
0 1 C7 18 390 INKBYT: INC RO INCREMENT MEM POINTER
0 1 C8 2 0 391 XCH A, @R0 ROTATE BYTE LEFT WITH CY
0 1 C9 F7 392 RLC A
0 1 CA 20 393 XCH A, 0RO
0 1 CB 07 394 DEC A HAVE ALL BYTES BEEN ROTATED?
0 1 CC 96C7 395 JNZ INKBYT NO, ROTATE NEXT BYTE
0 1 CE 24BD 396 JMP R0TAT4 YES, TEST IF  MORE ROTATIONS
397 ARE NEEDED
01 DO FD 398 LUKUP: MOV A, R5 LOAD NUMBER OF BYTES IN R1
01 D1 A9 399 MOV R1 , A
01 D2 2302 400 MOV A,#02H LOAD LH JU ST IFIE D  M S BYTE
01 D4 6D 401 ADD A, R5 INTO ACC
01 D5 A8 402 MOV RO, A
01 D6 FO 403 MOV a , m o
01 D7 96 DB 404 JNZ N0NZ3 ; IF  BYTE-0,
01 D9 2 3 8 0 405 MOV A, # 8 0 H LOAD 80H TO ACC
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LOC OBJ LINE SOURCE STATEMENT
01 DB E3 406 N0NZ3: M0VP3 A,@A
01 DC 03 BO 407 ADD A, # 0 BOH
01 DE 0 350 408 BYTCOM: ADD A,/r‘50H
01 EO E9DE 409 DJNZ R1,BYTCOM
01 E2 29 410 XCH A, R1
01 E3 B87E 411 MOV RO,# 7  EH
01 E5 FO 412 MOV A,@R0
01 E6 2 9 413 XCH A, R1
01 E7 030A 414 ADD A,#OAH
01 E9 03  F6 415 BITCOM: ADD A, #0F6H
01 EB E9E9 416 DJNZ R1,BITCOM
01 ED AC 417 MOV R4,A












MOV R5,# 0 0  H
0202 FC 424 MOV A,R4
0203 37 425 CPL A
0204 17 426 INC A
0205 6F 427 ADD A,R7
0206 E609 428 JNC 0FSET1
0208 1 D 429 INC R5
0 2 0 9 0332 430 0FSET1 : ADD A,//32H
020B AF 431 MOV R7, A
020C E60F 432 JNC MAGT1
020E 1 D 433 INC R5
020F FD 434 MAGT i : MOV A,R5
0210 121 A 435 JBO OUTS
0212 3218 436 JB1 FSCAL1
021 4 BFOO 437 MOV R 7 ,# 0 0 H
021 6 441 A 438 JMP 0UT1
0218 BFFF 439 FSCAL1 : MOV R7f #0FFH
0 2 1 A FF 440 0UT1 : MOV A,R7
021 B 02 441 OUTL BUS , A
0 2 1 C B879 442 MOV R 0,#79H
021 E FO 443 MOV A,0RO
021 F AB ' 444 MOV R3,A
0220 18 445 INC RO
0221 FO 446 MOV A,@R0
0222 AC 447 MOV R 4, A
0223 18 448 INC RO
0224 FO 449 MOV A,@R0
0225 AD 450 MOV R5,A
0226 18 451 INC RO
0227 FO 4 5 2 MOV A ,§R0
0228 AE 453 MOV R6,A
0229 18 454 INC RO
022A FO 455 MOV A,@R0
022B AF 456 MOV R7,A






SEXCAL: MOV R5, #00 H
02 2 F 239C 461 MOV A,//9CH
0231 6F 462 ADD A,R7
0232 E635 463 JNC 0FSET2
;LOOK UP LOG OF THIS BYTE
; COMPENSATE FOR NUMBER OF BYTES 
: USED IN CONVERSION
LOAD NUMBER OF ROTATIONS 
PERFORMED IN R1 &
SUBTRACT 10  FROM ACC FOR 
EACH ROTATION PERFORMED 
STORE CONVERTED VALUE IN R4 
RETURN TO.MAIN
START LEQCAL AT TOP OF PAGE 2 
TO OBVIATE CROSS PAGE JUMPS 
IN IT IA L IS E  OVERFLOW COUNTER 
SUBTRACT TIMLOG FROM DOSLOG
IF  CY=1,
INCH OVERFLOW COUNTER 
ADD OFFSET
TEMP STORE LEQ IN R7 
IF  C Y -1,
INCR OVERFLOW COUNTER 
IS  LEQ IN CORRECT RANGE? 
YES, OUTPUT THIS VALUE 
NO, IS  LEQ OVER OR UNDER 
RANGE?
UNDER RANGE, OUTPUT -5D 3 
OVER RANGE, OUTPUT +68DB 
RETURN MODIFIED LEQ TO ACC 
OUTPUT LEQ VIA BUS 
RESTORE R 3-7 FROM LOC 79~7D
; RETURN TO MAIN
IN IT IA L IS E  OVERFLOW COUNTER 
SUBTRACT LOG OF 10 SECONDS 
FROM DOSLOG 
IF  C Y -1 ,
C 8
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0 2 3 4 ID 464 INC R5 . INCR OVERFLOW COUNTER
0 2 3 5 0332 465  0F S E T 2: ADD A ,#32H ADD OFFSET
0237 AF 466 MOV R7, A TEMP STORE SE IN R7
0238 E63B 467 JNC MAGT2 IF  C Y -1,
023A 1 D 468 INC R5 INCR OVERFLOW COUNTER
023B FD 469 MAGT2: MOV A, R5 IS  SE IN CORRECT RANGE?
02 3C 1246 470 JBO 0UT2 YES, OUTPUT THIS VALUE
023E  3244 471 JB1 FSCAL2 NO, IS  SE OVER OR UNDER
0240 BFOO 472 MOV R 7,#00H RANGE?
0242 4 4 4 6 473 JMP 0UT2 UNDER RANGE, OUTPUT -5DB
0244 BFFF 474 FSCAL2: MOV R 7,#0FFH OVER RANGE, OUTPUT +68DB
0246 FF 475 0U T2: MOV A, R7 RETURN MODIFIED SE TO ACC
0 2 4 7  02 476 OUTL BUS,A OUTPUT SE VIA BUS
0248 B879 477 MOV R 0.//79H RESTORE R 3-7 FROM LOC 79~7D
02 4 A FO 478 MOV A, @R0
02 4 B AB 479 MOV R3,A
024C 18 480 INC RO
024D FO 481 MOV A, @R0
024E AC 482 MOV R4, A
024 F 18 483 INC RO
0250 FO 484 MOV A,@P.O
0251 AD 485 MOV R5, A
0252 18 486 INC RO
0253 FO 487 MOV A, §R0
0254 AE 488 MOV R6, A
0 2 5 5 18 489 INC RO
0256 FO 490 MOV k , m o
0257 AF 491 MOV R7, A







;L00K UP TABLE FOR SCALING & OFFSET OF L1 0 & L 90, 
; & FOR LOG COVERSION, ON PAGE 3 OF PROG MEM
ORG 0300H
DB 1 7 , 2 0 , 2 3 , 2 7 , 3 0 , 3 3 , 3 6 , 4 0
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LOC OBJ LINE SOURCE STATEMENT.
0 3 1 8  61 501 DB 9 7 ,1 0 0 ,1 0 3 ,1 0 6 ,1 1 0 ,1 1 3 ,1 1 6 ,1 1 9
03 1 9  .64 
031 A 67  
031 B 6A 
031C 6E 
0 3 1 D 71 
0 3 1 E 74 
0 3 1 F 77




0 3 2 4  88
0 3 2 5  8B
0 3 2 6  8F
0 3 2 7  92
0 3 2 8  95 503  DB 1 4 9 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0
0 3 2 9  00 
032A 00 
032B  00032c 00
032D  00 
0 3 2 E  00  
0 3 2 F  00








0338  00  505  DB 0 0 ,0 0 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0
0 3 3 9  00 
033A 00  
033B  00 
033C  00 
033D  00 
033E  00 
033F 00






0 3 4 6  00
0347 00
0 3 4 8  0 0  507  DB 0 0 ,0 0 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0
0 3 4 9  00 
034A 00  
034B  00 
034C  00 
034D  00 
034E  00 
0 3 4F 00
0 3 5 0  00 508  DB 0 0 ,0 0 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0
0351 00
c 10





03 5 5 00
03 5 6 00
0 3 5 7 00
0 3 5 8 00






0 3 5 F 00






0 3 6 6 00
0 3 6 7 00
0 3 6 8 00














0 3 7 7 00
0 3 7 8 00















0 3 8 8 47




509  DB 0 0 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0
510  DB 0 0 ,0 0 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0
511 DB 0 0 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0
512  DB 0 0 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0
513  DB 0 0 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0 , 0 0
514  DB 7 0 ,7 0 ,7 0 ,7 0 ,7 0 ,7 1 ,7 1 ,7 1
51 5  DB 7 1 , 7 1 , 7 1 , 7 1 , 7 1 , 7 1 , 7 1 , 7 2
C 11
I S I S - I I  M C S-48/U PI-41  MACRO ASSEMBLER, V 4 .0 PAGE 12
LOC OBJ LINE SOURCE STATEMENT
038C  47 
038D  47 
038E  47 
0 3 8 F  48





03 9 5  48
03 9 6  48
0397  48
0 3 9 8  4 8  5 1 7  DB 7 2 , 7 3 , 7 3 , 7 3 , 7 3 , 7 3 , 7 3 , 7 3
0 3 9 9  49 
039A 49 
039B  49 
039C  49 
039D  49 
039E  49 
0 3 9 F  49
0 3 AO 49 5 1 8  DB 7 3 ,7 3 , 7 3 , 7 3 , 7 4 , 7 4 , 7 4 , 7 4
03A1 49
0 3 A2 49
03A3 49
0 3 A4 4 A
0 3 A5 4 A
0 3 A6 4 a
0 3 A7 4 A
0 3 A8 4 A 519  DB 7 4 , 7 4 , 7 4 , 7 4 , 7 4 , 7 4 , 7 4 , 7 5
0 3 A9 4A
0 3 AA 4 A





03B0 4B 5 2 0  DB 7 5 , 7 5 , 7 5 , 7 5 , 7 5 , 7 5 , 7 5 , 7 5
03B1 4B 
0 3 B2 4B '
03B3 4B 
















































































523  DB 7 6 , 7 7 , 7 7 , 7 7 , 7 7 , 7 7 , 7 7 , 7 7
52H DB 7 7 , 7 7 , 7 7 , 7 7 , 7 7 , 7 7 , 7 7 , 7 7
52 5  DB 7 7 , 7 8 , 7 8 , 7 8 , 7 8 , 7 8 , 7 8 , 7 8
5 2 6  DB 7 8 ,7 8 , 7 8 , 7 8 , 7 8 , 7 8 , 7 8 , 7 9
52 7  DB 7 9 , 7 9 , 7 9 , 7 9 , 7 9 , 7 9 , 7 9 , 7 9
52 8  DB 7 9 , 7 9 , 7 9 , 7 9 , 7 9 , 7 9 , 7 9 , 7 9
529 DB 8 0 ,8 0 , 8 0 , 8 0 , 8 0 , 8 0 , 8 0 , 8 0
C 1 3
1 S 1 S - 1 1  MUo " 4 0 /  U r ± ”*M I M AUnU AootM TDLiEin, VM. U I M
LOC OBJ LINE SOURCE STATEMENT
5 3 0  END
USER SYMBOLS
BITCOM 01 E9 BITMUL 01 8E BYTCOM 01 DE BYTMUL 01 8 3 CHBTIM OOBF
CLEAR 0011 DECBIN OOCC DELAY OOBD DOSCON 0 1 1E DOSLOG 01 41
DROP 00 A1 DSUB 0 1 0 8 FSCAL1 02 1 8 FSCAL2 0244 HIRAMP 0 0 6 8
HITIM 0003 INCBIN OOED INCBYT 01 6C INKBYT 01 C7 L1090 00C2
L100UT 0053 L900UT 0 0 5 7 LEQCAL 0 2 0 0 LEQDA 005B LEQINT 0031
LEQTST 0 0 6 0 LOCNT 00 6 6 LOOKUP 0175 LOOP 0095 LORAMP 00 7 5
LPC10H 00 1 7 LPC10L 00 7 0 LUKUP 01 DO MAGT1 020F MAGT2 023B
MAIN 0016 NONZ1 0 1 OC NONZ2 0180 N0NZ3 01 DB 0FSET1 0209
0FSET2 0235 OLOAD 00B8 OUT1 021 A 0UT2 0246 OVFLOW 00B2
RESET 000A R0TAT1 015 E R0TAT2 0162 R0TAT3 01 B9 R0TAT4 01BD
SERREQ 0049 SEXCAL 022D SEXREQ 002 F SLCONV 008C SLFIN 00B7
STARTT 0019 STL10 00  DB STL90 OOFC THRBYT 01 3B TIMCNT 008B
TIMCON 0194 TIMDEL 009C TIMINT 0086 TIMLOG 01 9D TWOBYT 01 3F
TWOTIM 0 1 9B WAIT 0014
ASSEMBLY COMPLETE, NO ERRORS

VXUljOi \ J U  Ui~4 L JJL l'iU  fcJWUUOLJ UJUXi-i
07FE 0100
0100 3 F 0 7
0102 3F 00 








<0003> 6 PORTA EQU OOH ; DEFINE PORT LOC
<0001> .7  PCRTB EQJ 01H
<0002> 8 PORTC EQU G2H
<0003> 9 PCRTD EQJ 03 H
<0008> 10 TDR EQU 08H TILER DATA PEG
<0009> 11 TCR EQJ 09H TILER OONTRCL REG
<0010> 12 LOTIM EQU 10H LOITM LEM LOC
<0011> 13 MDTIM EQJ 11H LDTIM LEM LOC
<0012> 14 Ml LB EQJ 12H INTEGRATOR BYTE LABELS
<0013> 15 IN1LB EQJ 13H
<0014> 16 Mi LB EQJ 14H
<0015> 17 3N2HB EQJ 15H
<0016> • 18 n e ® EQJ 16H
<0017> 19 IN2LB EQJ 17H
<0018> 20 MBIB EQJ 18H
<0019> 21 M3?® EQJ 19H
<001 A> 22 M3 LB EQJ 1AH
<001 B> 23 CLCAD EQJ 1BH OUT CF RANGE LEM LOC
<001C> 24 TILCNT EQJ 1CH TILER CWERFLOW COULTER
<001 D> 25 TIMBT1 EQJ 1EH TILE STCRE BYTES
<001 E> 26 TILBT2 EQJ 1EH
<001F> 27 TILBT3 EQJ 1FH
<0Q20> 28 BYTCNT EQU 20H BYIE & ROTATION STORES
<0021> 29 R arair EQJ 21H
<0Q22> 30 DQSI-B EQJ 22H DOSE WCRD STORES
<0Q23> 31 DOSLB EQJ 23H
<0001> 32 LftXRLP EQU 01H ; DEFILE MAX NO CF RALPS






































STRr CF LEQ 
TEST LIGHT
p a ir  c
LO -  HIGH 
MID /
IKT 1 \
M r 2 >SAL EN 
IKT 3 /
MT 1 \
INT 2 >BAL EBQ 
INT 3 /



















;SET RESET VECT ADDR
;SET PROG START ADDR 
;CLEAR PORT CONT EEG 
68705R3 SIM QJIRK
;CLEAR PCRT A,B.C,D 
; DATA REGS
C 15
LOCATION CBJECT OODE LINE SOURCE LINE
0 1 OA AE in 59 LDX im  nH ; CLEAR ALL RAM LOC
01OC 6 F  OF 60 RAMXR CLR OFH,X
01OE 5A 61 CECX
01 OF 26  FB 62  
63 ;
BIE RAMSLR
0111 AS FF 6n LDA #OFFH
0 113  B7 on 65 STA onH ;SET PORT A & B FCR OUTPUT
0115  B7 0 5 66 STA 05H
0 117  A6 1F 67 LDA m m ;SET PORT C DDR
0119  B7 0 6 6 8  
69  ;
STA o6h
011B a6 on 70 LDA #onn ; INITIALIZE TILCNT
0 1 1 D B7 1C 71 STA TIMCNT
011F A6 FH 72 LDA a o m
0121 B7 0 8 73 STA tdr i n i t i a l i z e  t d r  t o  2nn
0123  A6 n8 7n LDA tMi8H ;CLEAR PRESCALER
0125 B7 09 75
76 ;
STA TCR
0 1 2 7  A6 0 2 77  MAIN LDA #(MAXRLP+1)
0 129  B7 11 7 8 STA MDTIM RESTORE PDTIM
012B A6 On 7 9 LDA #(MAXR!'-P+3)
012D  B7 10 80 STA LOTIM RESTORE LOTIM
0 1 2F  0FD9 18 81 LECPA
82
BRCLR 7,TCR,INTrST TILER O/ERFLOrl?
NO, TEST INIEGRATORS
0132  A6 n 8 83 LDA m m YES, IS  1 25  PS IP ?
0 1 3n B7 0 9 8n STA TCR (CLEAR PRESCALER & TILER
0136  3A 1C 85 EEC TIMDNT OVERFLCW FLAG)
0 1 3 8  2 6  10 86
87
BMi INTIST NO, TEST INIEGRATORS
YES, UPDATE VALUES & DISPLAY
0 1 3A CD Q2ni 88 JSR TIMINE RESET' TILER
013D CD 0 2 6 0 89 JSR EOSOON CONVERT DOSE VALUE
01 no CD 039E 90 JSR o u i p u r OUTPUT VALUE
01 n3 AE OA 91 LDX /OAH CLEAR INTEGRATOR REGISTERS
01 n5 6 F  11 92 FEGCLR CLR 11 H,X ; AND CLQAD
01 n7 5A 93 lECX
0 1 n8 26  FB 9n
95 ;
BNE FECOR
0 1 nA B 6 .0 2 96 INITST LDA PCRTC INPUT VIA PCRT C
01 n c  An ed 97 AND //OEDH MASK UNWANTED BITS✓ 98 IS  CHARGE BALANCING REQJ'D?
OinE 27  UI 99 BEQ LEQDA-8 NO, RETURN & RETEST
0150 nn 100 LSRA YES, SET APPROPRIATE
0151 nn 101 LSRA BALANCE CURRENT ENABLES
0152 nn 102 LSRA
0153  OC 0 1 5A 103 JLP L0CNT .# # * # * * x# # * x* x # k# q ?LE'IE AFTER TEST
0156  n3 1011 c o m ; DISREGARD OUf CF RANGE INIEGRATORS
0 1 5 7  BA 1B 105 CRA CLQAD
015 9  n3 106 
107  ;
c o m
015A  3A 1 0 108  LXNT EEC LOTIM LO CURRENT?
015C 2 7  03 109 BEQ MDCNT NO, TRY MID CURRENT
015E CC 01 EC 110 
111 ;
JM3 LCRAM3 YES, JUM3 TO LCRAPP
0161 3 A 1 1 112  MDCNT EEC MDTIM MID OJRRENT?
016 3  2 7  03 113 BEQ HE RAM3 NO, USE HI CURRENT
0165 OC 01A7 11 n JM3 MDRAM3 YES, JUPP TO MDRAMP
C 16
LOCATION OBJECT OODE LINE SOURCE LINE
115 ;
0168 AA 03 116 HIRAM? CRA #03H SWITCH CN HI CURRENTS VIA
016A B7 02 117 STA PORTC PORT C FOR PFE-DETERMINED




016F 114 121 ISRA TEST IF HE CURRENTS VERE USED
0170 44 122 LSRA ON EACH INTEGRATOR, & IF  SO
0171 44 123 LSRA INCREMENT APPROPRIATE FEM LOC
0172 24 OC 124 BCC N0THI1
0174 97 125 TAX
0175 B6 13 126 LDA IN1FB
0177 AB 40 127 ADD #4 OH
0179 B7 13 128 STA IN1FB
017B 9F 129 TXA
017C 24 02 130 BCC N0THI1
017E 3C 12 131 INC IN1H3 ;PICK UP CVERFLCWS
0180 44 132 N0THI1 LSRA
0181 24 OC 133 BCC N0THI2
0183 97 134 TAX
0184 B6 16 135 LDA IN2FB
0186 AB 40 136 ADD #40H
0188 E7 16 137 STA IN2MB
018A 9F 138 TXA
018B 24 02 139 BCC N0THI2
018D 30 15 140 INC IF2HB
018F44 141 Namr2 LSRA
0190 24 OC 142 BCC N0THI3
0192 97 143 TAX
0193 B6 19 144 LDA IN3M3
0195 AB 40 145 ADD #4 OH
0197 B7 19 146 STA IN3P8
0199 9F 147 TXA
019A 24 02 148 BCC NOI'HB
019C 30 18 149 INC IN3LB
019E A6 04 150 MOTH33 LDA #(M\XRNP+3) ; RESTORE FETIM
01 AO E7 11 151 STA FDTIM
01A2 30 10 152 ‘INC LOTIM PREVENT LOTIM GOING -VE
01A4 CC 012F 153
154 ;
JM5 LECPA
01A7 AA 02 ' 155 MDRAM5 CRA //02H SWITCH CN MID CURRENTS VIA
01A9 B7 02 156 STA PORTC PORT C FOR PFE-DETERMBED




01AE 44 160 LSRA TEST IF MED CURRENTS VEFE USED
01AF 44 161 LSRA ON EACH INTEGRATOR, 8= IF  SO
01 BO 44 162 ISRA INCREMENT APPROPRIATE FEM LOC
01B1 24 10 163 BCC N0TMD1
01B3 97 164 TAX
01B4 B6 14 165 LDA INI LB
01B6 AB 80 166 ADD #80H
01B8 B7 14 167 STA INI LB
01 BA 9F 168 TXA
01BB 24 06 169 BCC N0TMD1
01BD 30 13 170 INC IN1MB
01BF 26 02 171 BIE NCJTFD1
C 17
LOCATICN OBJECT OODE LINE SOURCE LINE
01 Cl 3C 12 172 INC IN1IB
01C3 44 173 N0TMJ1 LSRA
01C4 24 10 174 BCC N0TFD2
0106 .97 175 TAX
0107 B6 17 176 LDA IN2LB
01C9 AB 80 177 ADD 7/80H
01CB B7 17 178 STA IN2LB
01 CD 9F 179 TXA
01CE 2^ 4 06 180 BCC N0TMD2
01 DO 3C 16 181 INC IN2M3
01E2 26 02 182 BFE NOTM32
01D4 3C 15 183 ' INC EEHB.
01D6 44 ■ 164 N3TM52 LSRA
01D7 2^ 1 10 185 BCC N0TM8
01D9 97 186 TAX
01 DA B6 1A 187 LDA IN3LB
01 DC AB 80 188 ADD 7/80H
01DE B7 1A 189 STA IN31B
01 ED 9F 190 TXA
01 El 24 06 191 BCC NOl’MB
01E3 3C 19 192 INC IN3MB
01E5 26 02 193 BFE N0TMC3
01E7 3C 18 194 INC IN3FB
01E9 CC 012B 195 N0TM8
196 ;
JNP LEQDA-4
01 EC AA 01 197 LCRAFP CRA 7/01H
01 EE B7 02 198 STA PORTC




01F3 44 202 ISRA
01F4 44 203 LSRA
01F5 44 204 ISRA
01F6 24 OA 205 BOO NOILOI
01E8 30 14 206 INC IN1LB’
01 FA 26 Oo 207 BMC NOILOI
01FC 3C 13 208 INC INI M3'
01 EE 26 02 209 BN3 NOILOI
0200 30 12 210 INC IN1H3
0202 44 211 N0ILG1 LSRA
0203 24 14 ' 212 BCC NOTL02
0205 3C 17 213 INC 112 LB
0207 26 10 214 BEE N0TLC2
0209 30 16 215 INC IN2PB
020B97 216 TAX
020C B6 1B 217 LDA CLGAD
020E AA 04 218 CRA 7/04 H
0210 B7 1B 219 STA QLCflD
0212 9F 220 TXA
0213 3D 16 221 TST IN2M3
0215 26 02 222 BEE NOTLCB
0217 30 15 223 INC 1N2HB
0219 44 224 N0TLC2 LSRA
021A 24 14 225 BCC NOTLOS
001C 30 1A 226 INC IN3LB
02IE 26 10 227 BNS N0ILC3
0220 30 19 228 INC IN3FB
;PICK UP OVERFLOWS
SWITCH CN LO CURRENTS VIA 
PORT C FOR PFE-DETERMINED 
PERIOD
TEST IF LO CURRENTS VEFE USED 
ON EACH INTEGRATOR, & IF SO 
XNCRENENT APPROPRIATE PEM LOC
;PICK UP OVERFLOWS
{PICK UP OVERFLOWS CF 0/ERFLOWS
;STCP BALANCING INTECRATCR 1
LOCATICN OBJECT OODE LINE SOURCE LINE
0222 97 229 TAX ;STCP BALANCING INTECRATCR 2
0223 B6 1B 230 LDA CLQAD
0225 AA 08 231 CRA #08H
0227 B7 1B 232 STA CLQAD
0229 9F 233 TXA
022A 3D 19 234 TST IN3NB
022C 26 02 235 BMS N0TLC3
022E 3C 18 236 INC IN3HB




0233 AE 111 240 DELAY LDX #14H ;SIBROUTINE TO PRO/IDE
0235 5A ‘ 241 DELLP CECX ; EELAY OF 96 E-6 S (*  OAH)
0236 26 FD 242 BtE CELL?
0238 97 243 TAX
0239 B6 02 244 LDA PCRTC
023B A4 ED 245 AND #OEDH ;TURN BALANCE CURRENTS CFF
023D B7 02 246 STA PCRTC
023F 9F 247 TXA
0240 81 248
249 ;
Rrs ;RETURN TO MAIN
0241 B6 01 250 TIMINT LEA PCRTB ;SICNAL END OF PERIOD BY SETTING
0243 AA 08 251 ORA #08H ; A 1 ON PORT B BIT 3
0245 E7 01 252 STA PCRTB
0247 A6 04 253 LDA #04H RESET TtMCNT
0249 B7 1C 254 STA TBCNT
024B B6 08 255 LDA TDR FIND THE SINCE INF WAS FLAGCED
Q24D AB E4 256 ADD #ou4 h SUBTRACT THIS FROM 244 . . .
024F B7 08 257 STA TDR . . .  & RESET THE TIPER
0251 A6 48 258 LDA //48H
0253 B7 09 259 STA TCR
0255 3C 1D 260 INC TIM3T1 TIIE REGISTERS NOT USED ON
0257 26 06 261 BNE TIMRET FIRST PROTOTYPE -  SHORT LEQ
0259 3C 1E 262 INC TIM372 CNLY
025B 26 02 263 BNE TIMRST
025D 3C 1F 264 INC TINB'13
025F 81 265 TIMRET
266 ;
RES : RETURN TO MAIN
0260 041B 03 267 DOSQON
268
BRSET 2,0L0AD,IN2'IST INT 1 O/LQAD?
YES, TEST INT 2
0263 CC 0266 269 JM3 IN10K NO, USE INT 1 CR 2
0266 061B 61 270 B6TST BRSET 3, CLQAD, B60K INI2 O/LQAD? ■
0269 OC 02CA 271 JM3 IN2QK NO, USE INT 2 CR 3
026C 3F 21 272 H O T CLR ROTCNT YES, USE HIT 3
026E 3F 23 273 CLR DOSLB
0270 3F 22 274 CLR DCSH3
0272 98 275 CLC
0273 A6 02 276 LDA #02H ; INITIALIZE BYTCNT
0275 B7 20 277 STA BYTCNT
0277 B6 18 278 LDA IN3®
0279 26 1 0 279 BNE T O B
027B B6 19 280 LDA IN3NB
C27D 26 OA 281 BNE IN32B
027F B6 1A 282 LDA 116 LB
0281 26 04 283 B1E IN31B ;IF ALL BYTES ARE ZERO
0283 A6 01 284 LDA #01H SET B8LB=1
0285 B1 1A 285 STA IN3LB
C 19
LOCATICN CBJECT (DDE LINE SOURCE LINE
0287 3A 20 286 3N31B DEC BYTCNT ,STCRE NUffiER CF NCN-ZERO
0289 3A 20 287 IN32B DEC BYTCNT BYTES-1 IN BYTCNT
0283 5F 288 IN33B CLRX
028C5C 289 IN3 ROT INCX ;STCRE REQUIRED NUMBER CF
028D 1J8 290 LSLA ROTATIONS IN X
028E 24 EC 291 BCC 1N3ROT
0290 3C 21 292 R0fI3 INC ROTCNT ROTATE ALL BYTES Tffi REQIHFED
0292 5A 293 CECX NUMBER CF TILES
0293 27 09 294 BEQ L00K3
0295 38 1A 295 LSL ' IN3LB
0297 39 19 296 RCL IN3IB
0299 39 18 297 RCL IN3FB
029B OC 0290 298 JM3 ROI3
029E B6 20 299 L00K3 LDA BYTCNT
02 AO AB U 300 ADD # IN3LB LOOK-UP THIS BYTE
02A2 97 301 TAX
02A3 FE 302 LDX X
02 A4 F6 303 LDA X
02A5 AB 1E 304 ADD #01 EH
02A7 AO 1E 305 HTCM3 SUB #01 EH COMPENSATE FOR NUMBER CF
02A9 3A 21 306 DEC ROTCNT ROTATIONS PERFCRMED
02AB 26 FA 307 BNS KTCMB
02AD 3D 20 308 TST BYTCNT
02AF 27 OE 309 BEQ OUTP3
02B1 AB FI 310 BYTCM3 ADD flOFlH COMPENSATE FOR NUMBER OF
02B3 97 311 TAX : BYTES USED IN CONVERSION
02B4 B6 22 312 LDA DOSffi
02B6 A9 00 313 ADC #OOH
02B8 B7 22 314 STA DOSFB
02BA 9F 315 TXA
COBB 3A 20 316 DEC BYTCNT
02BD 26 F2 317 BIE BYTCH3 EXITS WITH DOSE DATA IN
02BF AB AS 318 0UTP3 ADD #0A8H DCSHB,DOSLB
C2C1 B7 23 319 STA DOSLB ADD OFFSET BETWEEN INTECRATCRS
02C3 B6 22 320 LDA DOSIB
02C5 A9 02 321 ADC #02H
02C7 B7 22 322 STA DCSHB
02C9 81 323 RTS RETURN TO MAIN
02CA 3F 21 324 IM20K CLR ROTCNT USE INT 2
02CC 3F 23 325 CLR DOSLB
02CE 3F 22  y 326 CLR DOSffi
02 DO 98 327 CLC
02D1 A6 02 328 LDA #02H ; INITIALIZE BYTCNT
02D3 E7 20 329 STA BYTCNT
02D5 97 330 TAX
02 D6 B6 01 331 urn PCRTB TEMP LINE PCR DEBUG
02 D8 A8 80 3 2 EOR #080H TOGGLE BIT 7 PORT B IF IT
02 DA B7 01 333 STA PCRTB GETS FERE!
02DC 9F 334 TXA
02DD B6 15 335 IDA IN2ffi
02 DF 26 28 336 BIE IIC3B
02 El 97 337 TAX
02E2 B6 01 338 LDA PCRTB TEMP LINE FOR DEBUG
02E4 A8 40 339 EOR #040H TOGGLE BIT 6 PORT B IF IT
02 E5 B7 01 340 STA PCRTB CETS FERE!
02E8 9F 341 TXA
02 E9 B6 16 342 LDA IN2MB
C 20
LOCATICN OBJECT CDDE LINE SOURCE LINE
02EB 26 1A 343 BNS IN22B
02ED97 ' 344 TAX
02EE B6 01 345 LDA PCRTB ;TEffi LINE FOR DEBUG
02 FO A8 20 346 EOR //020H ; TOGGLE BIT 5 PORT B IF IT
02F2 B7 01 347 STA PCRTB ; GETS HSRE!
02F^ 4 9F 348 TXA
02F5 B5 17 349 LDA IN2LB
02F7 26 OC 350 Bffi IN21B ; IF ALL BYTES ARE ZERO
02F9 A6 01 351 LDA #01H ; SET IN2LB-1
02FB B7 17 352 STA EELJ3
02 FD 97 353 TAX
02FE B6 01 354 LDA PCRTB ;TENP LINE FOR DEBUG
0300 A8 10 355 EOR #01 OH ; TOGGLE BIT 4 PORT B IF IT
Q302 B7 01 356 STA PCRTB ; GSTS HSRE!
0304 9F 357 TXA
0305 3A 20 358 IN21B EEC BYTCNT ;STCRE NUMBER CF NCN-ZERO
0307 3A 20 359 B22B DEC BYTCNT ; BYTES-1 IN BYTCNI'
0309 5F 360 IN23B CLRX
Q30A 5C 361 IN2R0T INCX ; STORE REQJIRED NUffiER CF
030B 48 362 LSLA ; ROTATION IN X
Q30C 24 PC 363 BCC IN2R0T
030E 3C 21 364 ROE INC ROTCNT ; ROTATE ALL BYTES TIE REQUIRED
0310 5A 365 EECX ; NUM3ER CF TIMSS
0311 27 09 366 BEQ LOOK2
0313 38 1 7 367 LSL IN2LS
0315 39 16 368 RCL IN2MB
0317 39 1 5 369 RCL 1N2HB
0319 CC 030E 370 JMP ROE
031C B6 20 371 LOOK2 LDA BYTCNT
031E AB 17 372 ADD #B2LB
0320 97 373 TAX
0321 FE 374 LDX X ;LOOK-UP THIS BYTE
0322 F6 375 LDA X
0323 AB IE 376 ADD #01 eh
0325 AO 1E 377 RTCM2 SUB #01HH jOONPENSATE FOR NUMBER CF
0327 3A 21 378 EEC ROTCNT ; ROTATIONS PERFCRMSD
0329 26 FA 379 BNS RTCM2
032B 3D 20 380 TST BYTCNT
032D 27 OE 381 BEQ 0UTP2
032F AB FI 382 BYTCM2 ADD #0F1H ;OONPENSATE FOR NUM3ER OF
0331 97 ' 383 TAX ; BYIES USED IN OONVERSION
0332 B6 22 384 LDA DOSffi
0334 A9 00 385 ADC #00H
0336 B7 22 386 STA DOSffi
0338 9F 387 TXA
0339 3A 20 388 EEC BYTCNT
033B 26 F2 389 BNS BYT02 ;EXTTS WITH DOSE DATA IN
033D AB 54 390 0UTP2 ADD #054H ; DOSHB,DOSLB
033F B7 23 391 STA DOSLB ;ADD OFFSET BETWEEN INTEGRATORS
0341 B6 22 392 LDA DOSffi
0343 A9 01 393 ADC #01 h
0345 B7 22 394 STA DOSffi
0347 81 395 RTS ;RETURN TO MAIN
0348 3F 21 396 INI OK CLR ROTCNT ;USE INT 1
Q34A 3F 23 397 CLR DOSLB
034C 3F 22 398 CLR DOSffi
Q34E 98 399 CLC
C 21
LOCATICN CBJECT OODE LINE SOURCE LINE
034F A6 02 400 LDA #02H {INITIALIZE BYTO^ T
0351 B7 20 401 STA BYTCNT
0353 B6 12 402 LDA IN1H3
0355 26 10 4Q3 BNS IN13B
0357 B6 13 404 LDA 3N1N8
0359 26 OA 405 Bffi IN12B
035B B6 14 406 LDA IN1LB
035D 26 04 407 BNS IN11B ;IF  ALL BYTES ARE ZERO
Q35F A6 01 408 LEA #01H ; SET INI LB-1
0361 B7 14 409 STA INI LB
0363 3A 20 410 INI IB DEC BYTCNT {STCRE NUMBER CF NCN-ZERO
0365 3A 20 411 IN12B DEC BYTCNT ; BYTES-1 IN BYTCNT
0367 5F 412 IN13B CLRX
0368 5C 413 INI ROT INCX {STORE REQUIRED NUMBER CF
0369 48 414 LSLA ; ROTATIONS IN X
036A 24 PC 415 BCC IN1 ROT
036C 3C 21 416 R0T1 INC ROTCNT {ROTATE ALL BYTES TIE REQUIRED
036E5A ' 417 EECX ; NUMBER CF TIMSS
036F 27 09 418 BEQ L00K1
0371 38 1 4 419 LSL INI LB
0373 39 13 420 RCL INI M3
0375 39 1 2 421 RCL INI IB
0377 OC 036C 422 JM3 Ron
Q37A B6 20 423 LD0K1 LEA BYTCNT
037C AB 14 424 ADD #IN1 LB
Q37E 97 425 TAX
037F FE 426 LDX X {LOOK-UP THIS BYTE
0380 F6 427 LEA X
0381 AB 1E 428 ADD #01 EH
0383 K) 1E 429 Rl'CMI SIB #01 EH {COMPENSATE FCR NUtBER CF
0385 3A 21 430 DEC ROTCNT ; ROTATIONS PERFCRMSD
0387 26 FA 431 .............. .... -  BNE -■ 'RTGM1--...... ........
0389 3D 20 432 TST BYTCNT
Q38B 27 OE 433 BEQ 0UIP1
033D AB FI 434 BYl'CMI ADD m m jOQPPENSATE FOR NUM3ER OF
Q38F97 435 TAX ; BYIES USED IN OONVERSION
0390 B6 22 436 LDA DOSIB
0392 A9 00 437 ADC #00H
0394 B7 22 438 STA DOSIB
0396 9F 439 TXA
0397 3A 20 ' 440 EEC BYTCNT
0399 26 F2 441 BNS BYTCM1 {EXITS WITH DOSE DATA IN
039B B7 23 442 0UTP1 STA DOSLB ; DCSHB,DOSLB
039D81 443
444 ;
RTS {RETURN TO PAIN
Q39E B6 23 445 OUTPUT LDA DOSLB {OUTPUT VALUE -  LO BYTE
03AD B7 00 446 STA PORTA ; VIA PORT A . . .
Q3A2 B6 01 447 LDA PCRTB
03A4 A4 PO 448 AND #0F0H ; . . .  AND HI BYTE VIA PORT B
03 A6 BA 22 449 CRA DOSIB ; SETTING BIT 3 TO 0 TO) SICNAL
03A8 B7 01 450 STA PORTB ; LEW VALUE OUTPUT
03 AA 81 ‘ 451 RTS {RETURN TO MAIN
452 ;
453 ;
454 ;DECIDE MUCH INTEGRATOR IS TELLING THE TRUTH
455 ;
456 {PERFORM LOG CONVERSION CN TIE APPRCRIATE DOSE STORES
C 2 2








PERFORM LOG CONVERSION CN Tffi TINE REGISTERS *** NOT REQUIRED FOR
SHORT LEQ ***
FORM THE CORRECT VALUE CF LEQ
OVERALL OR LAST LEQ? *** SHORT LEQ ONLY FOR FIRST TEST ***




LOCATICN OBJECT -OODE LINE SOURCE LINE
Jj66 j XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
467 ;LOOK-iP TABLE FOR LOG CONVERSION A <- 100*L0G10(A)
468 ;XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
469 ORG TA3
0080 D0D3D3D4D4 470 FOB 211,211,211,212,212
0085 D4E5E5E5D6 471 FCB 212,213,213,213,214
008A D6D6D7D7D7 472 PCB 214,214,215,215,215
008F D8d8d8d8D9 473 FCB 216,216,216,216,217
0094 D9D9DADADA 474 FOB 217,217,218,218,218
0099 DACBDBEBDC 475 FCB 218,219,219,219,220
009E DCDCDCDDDD 476 FOB 220,220,220,221,221
00A3 DDDDCEDEDE 477 FCB 221,221,222,222,222
00A8 DFDFDFDFEO 478 FCB 223,223,223,223,224
OOAD EDEDEDE1E1 479 FCB 224,224,224,225,225
OOB2 E1E1E2E2E2 480 FCB 225,225,226,226,226
00B7 E2E2E3E3E3 481 FCB 226,226,227,227,227
00BC E3E4E4E4E4 482 FCB 227,228,228,228,228
00C1 E5H5E5E5E5 483 FCB 229,229,229,229,229
0006 05B5E6E6E7 484 FCB 230,230,230,230,231
OOCB E7E7E7E7E5 485 FCB 231,231,231,231,232
OODO E8E8H8E8E9 486 FCB 232,232,232,232,233
00C5 E9E9E9E9EA 48f FCB 233,233,233,233,234
00 DA EAEAEAEAEB 488 FCB 234,234,234,234,235
00 DF EBEBEBEBEC 489 FCB 235,235,235,235,236
00E4 ECECECECED 490 FCB 236,236,236,236,237
00E9 ECECEDECED 491 FCB 237,237,237,237,237
00 EE EFEFEEEFEE 492 FCB 238,238,238,238,238
00F3 EFEFEFEFEF 493 FCB 239,239,239,239,239
00F8 EFFOFOEOFO 494 FCB 239,240,240,240,240
OOFD FOFOFI 495 FCB 240,240,241
495 ; 
497 END
E rrors=  0
!
C 24
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;L IS T  ON ENABLES LISTING AND MAY BE USED BEFORE ONE MOD 
ULE TO PRINT THAT ONE ONLY. USE L IST  OFF TO DISABLE A 
FTER THE MODULE(S) TO BE LISTED.
; MODULE ON SENDS ANY PRINT OUTPUT TO PRINTER INSTEAD 0 
F THE SCREEN
HEADER "CRL 2 .3 6  SHO






sy m b o l t a b l e  e n a b le d
IF  • EPROM-1
OBSEND 1 , 0 , 0 , "2 3 6 0 B J  s e n d  o b j e c t  c o d e  t o  d i s c
OBFORM 1
n o  l o a d  o r  e x e c  a d d r e s s  s p e c i f i e d  
; OBSEND 6 ,2 7 6 1 1 .1 2 8 ,0 ,0
; OBSEND 1 |,7  ✓
ELSE
OBSEND 6 ,2 7 6 1 1 ,1 2 8 ,0 ,0
0 3 FORM 1 s t r a i g h t  b i n a r y  ( 1 , 0 , 0 , "
2 3 6 0 B J" )
ENDIF
:FQR EPROM, STORE OBJECT CODE ON DISK USING OBSEND 1 , 0 ,
0 ,  "2 3 6 OBJ "/OB FORM 2 THEN WHEN'THE EPROMER SOFTWARE PRO 
MPTS FOR FILENAME, GIVE " 2 3 6 0 B J " . FOR PORTAL U
SE OBSEND o , 2 7 6 4 ,1 2 8 ,0 ,0 -  AND OBSEND 1 .
ORG JpEOOO o r i g i n  f o r  p ro g ra m  c o d e
0000E 000 A.LABELS m o d u le  t o  d e f i n e  l a b e l s
1 META ASSEMBLER 3 . 4 0A  (C )  1 9 8 6  A n d y  G r e e n /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1 4 8
A.LABELS CRL 2 . 3 6  SHORT L eq  DATA AQUISITION UNIT P a g e :  3
A.LABELS MODULE
;m o d u le  t o  d e f i n e  a l l  t h e  l a b e l s  u s e d  i n  t h e  CRL236 p r o  
g r a m  t h e s e  w i l l  b e  GLOBAL
00000001 
00000001 
000 0 0 0 0 3  
0000001 4
00000014
00 0 0 0 0 1 5
00000016 
00000016 
0 0 0 0 0 0 1 7
0 0 0 0 0 0 0 9
0 0 0 0 0 0 0 9
OOOOOOOB
0000000B
0 0 0 0 0 0 1 9
0 0 0 0 0 0 1 9
0 0 0 0 0 0 0 D
00000008
0 0 0 0 0 0 0 8
0 0 0 0 0 0 0 F
0 0 0 0 0 0 0 F
0000001D







0 0 0 0 0 0 1 3
0 0 0 0 0 0 1 2
{ l a b e l s  u s e d  t o  r e f e r  t o  HD6303X s
; I /O  r e g i s t e r s  + c o n t r o l
P0RT2DDR -  $01
P0RT2 -  $03
RAMP0RT5 -  $14
PORT 5 -  $15
PORT6DDR -  $16
PORT6 = $17


























i n t e r n a l  r e g i s t e r
p o r t 2  d a t a  d i r e c t i o n  r e g  
i s t e r
i n t e r n a l  RAM & p o r t 5  c o n  
t r o l  r e g i s t e r
p o r t 6  d a t a  d i r e c t i o n  r e g  
i s t e r
f r e ^ - r u n n i n g  c o u n t e r  ( h i  
gh  b y t e )
o u t p u t  c o m p a re  r e g i s t e r
1 ( h i g h  b y t e )
o u t p u t  c o m p a re  r e g i s t e r
2 ( h i g h  b y t e )
i n p u t  c a p t u r e  r e g i s t e r
t i m e r  c o n t r o l / s t a t u s  r e g  
i s t e r  1
t i m e r  c o n t r o l / s t a t u s  r e g  
i s t e r  2
t i m e r  2 u p  c o u n t e r
t im e  c o n s t a n t  r e g i s t e r
t i m e r  c o n t r o l / s t a t u s  r e g  
i s t e r
s e r i a l  c o m m u n ic a t io n s  i n t e r f a c e  r e g i s t e r s  
$11
« $10
t r a n s m i t / r e c e i v e  c o n t r o l  
s t a t u s  r e g i s t e r
t r a n s m i t  r a t e /m o d e  c o n t r  
o l  r e g i s t e r
$13
$12
t r a n s m i t  d a t a  r e g i s t e r  
r e c e i v e  d a t a  r e g i s t e r
C 27
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0 0 0 0 0 0 3 7
00000032
00000036




000 0 0 0 4 2
0 0 0 0 0 0 4 2
00 0 0 0 0 4 3
00 0 0 0 0 4 4
0 0 0 0 0 0 4 6
000 0 0 0 4 7
00 0 0 0 0 4 8
00 0 0 0 0 4 9
0 0 00004C
0 0 0 0 0 0 4 E
0 0 0 0 0 0 5 0  
00000052
0 0 0 0 0 0 5 5
TRCSR2 $1E
{ l a b e l s  u s e d  t o  r e f e r  t o  e x t e r n a l  p e r i p h e r a l s
{A-D s t a r t  c o n v e r s i o n / r e a d  l o c a t i o n
ADST « $31
ADRD -  $30
ADLOAD -  $37




;LED l a t c h
LEDS = $36
{ l a b e l s  u s e d  f o r  KD6303X i n t e r n a l  RAM l o c a t i o n s  -
{ l o c a t i o n  u s e d  t o  c o u n t  t h e  n um ber o f  t im e  lo o p s  
TL00PCNT « $40
i k e y b o a rd  p r e s s  s t o r a g e  l o c a t i o n s
KExVAL « $ 4 ‘i ro w  d a t a  i n  lo w  n i b b l e ,
c o lu m n  d a t a  i n  h ig h  n i b b  
l e
KFJYCNT -  $42  l o c a t i o n  u s e d  t o  c o u n t  n
o o f  k e y  t e s t s
KEYTEMP -  $43 tem p  s t o r e  o f . k e y  p r e s s
;LCD d i s p l a y  o u t p u t  v a l u e  l o c a t i o n  
LCDW0RD ' -  ' $44 lo w  b y te  l o c a t i o n
; $45
{ t im e r  p h a s e  f l a g  
TFLAG -  $46



























1 META ASSEMBLER 3 . ]10A (C )  1 9 8 6  A n d y  G r e en /C R A S H  BARRIER
A.LABELS CRL 2 . 3 6  SHORT L eq  DATA ACQUISITION UNIT
0 0 0 0 0 0 5 6 HDWCTR = $56





















0 0 0 0 0 0 6 2 RAMPNTB $62




0 0 0 0 0 0 6 5 RAMPBSTR $65
00 0 0 0 0 6 6 RUNBIN $66





0 0 0 0 0 0 6 E  
0000006E
0 0 0 0 0 0 7 0
: $67
; $68
TOTALCNT -  $69
{ o p e r a t i n g  mode f l a g s
ACMODE » $6A
DBLANKF -  $6B
HDRFLD -  $6C
LCDMAXUP -  $6D
LCDCUMUP * $6E
LCDLEQUF -  $6F
NOTYPE -  $70
00000071 LCDNOUP $71
000C 0072 LEDS ON F $72
0 0 0 0 0 0 7 3 RAMFULL $73
: eom m uniea t i o n s  s c r a t c h  «
0000007*1 DSCRTCH $7*1
0 0 0 0 0 0 7 6 HI32VL1
•P I 0
=* $7 6








000 0 0 0 7 E NUMMODS $7E
0 0 0 0 0 0 7 F P2SAVE $7F
0 0 0 0 0 0 8 0 RXBUF $80
; RXBUF IS 2 0 H BYTES LONG
0 0 0 0 0 0 AO TXPTR ' :$A0
: : ' ’■ $A1
000000A 2 TXEND $ A2
9 $A3
000000A 4 TXFLAG $A4
0 0 0 0 0 0 A5 TXHFLG $A5
0 0 0 0 0 0 A6 HDRSTRT “ $A6
9 $A?
0 0 0 0 0 0 A8 HDP.CTR $A8
000000A 9 RXPTR' » $A9
( 0 5 2 5 )  71 71 ^ 8




1 META-ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  Andy G re e n /C R A S H  BARRIER
A.LABELS CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
( 0 5 2 5 )  7 1 7 1 4 8
P a g e :  6
0 0 0 0 0 0 AB 



















000000C 3 000000C4 
000000C 5 
000000C 6 




0 0 0 0 0 0 CF
000000D 2
000000D 5
000000D 7 000000D8 
000000D 9 






0 0 0 0 0 0 E 3
; $AA
TXBYTE -  $AB
TXBANK « $AC
TXENDPG = $AD
RAMFLAG -  $AE
SCRATCH « $AF
OFFSET1! -  $B0
0FFSET3 -  $B1
0FFSET2 -  $B2
0FFSET1 -  $B3
HSTRTPG -  $B4
BYTCTR -  $B5
LINCTR -  $B6
PENDFLG -  $87
TXPPEND -  $E8
; $B9
TXPBPEKD -  $BA
TXEPEND -  $BB
y $BC
TXEBPEND -  $BD
KENCNT « $BE
ROTCNT -  $BF
MONFLG -  $C0
NOBCD -  $C1
; $C2
BCDOVF -  $C3
COD USE -  $C4
KENFLG -  $C5
TOGLCNT « $C6
CALFLG ' -  $C7
RUNS CD -  $C8
; $C9
DATA DIF * $CA
i $CB
C1JMD0SE -  $CC
$CD
; $CE
CUMTIME -  $CF
$D0
; $D1 -







P2BACK -  $D9




STAKPTR -  $DE
; $DF
CALKCNT -  $E0
ME MLB IN “ $E1





1 META ASSEMBLER 3 - 4 0 A  ( C )  1 9 8 6  Andy G reen /C R A S H  BARRIER
A.LABELS CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
( 0 5 2 5 )  7 1 7 1  *18























0000001  *1 




0 0 0 0 0 0 4 8  
00000088






















































s e t  i n s t r u m e n t  s c a l e  z e r  
o  ( a d j  f o r  lOroVrms i n p u t  
an d  94 d B ) ' 
ram  s t a r t  a d d r e s s  
ram  e n d  a d d r e s s  low  w o rd  
ra m  e n d  b an k
0 META ASSEMBLER 3 -  **0A ( C )  1 9 8 6  A ndy  G r een /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1  4 8
A.ROOT CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  8
OOOOEOOO A.RESET r e s e t / r e s t a r t  m o d u le
C 32
2 META ASSEMBLER 3 . 4 0 A  (C )  1 9 8 6  A ndy  G r e e n /C R A S H  BARRIER
A.RESET CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
( 0 5 2 5 )  7 1 7 1 4 8
P a g e :  9
A.RESET MODULE
;m o d u le  t o  d e t e c t  w a rm /c o ld  s t a r t
;a n d  t e m p o r a r i l y  t o  s e t  p o r t s
RES
TRAP
OOOOEOOO 71E014 AIM $ 1 1 1 0 0 0 0 0 ,RAM
0 0 0 0 E003 PORT5
0000E 003  7 24014 0 1 M 5601 0 0 0 0 0 0 , RAM
0000E 006 PORT5
0000E 006  7B 8014 TIM # 1 0 0 0 0 0 0 0 ,RAM i f  s t a n b y  b i t  i s  s t i l l  s
0000E 009 PORT5 e t  b a t t  b a k  o k
0 000E 009  2603 BNE RAMOK
0000E 00B  7EE0C2 JMP N RAMOK
0000E 00E  71 601 4 RAMOK AIM # 0 1 1 0 0 0 0 0 , RAM
0 0 0 0 E 0 1 1 PORT5
0 0 0 0 E 0 1 1 8600 LDA A # # 0 0 0 0 0 0 0 0
0000E 013  9717 STAA PORT6
0000E01 5 86OF LDA A ##00001111 s e t  p o r t  6 f o r  i n p u t / o u t
0 0 0 0 E 0 1 7 p u t
0000E01 7 9716 STAA PORT6DDR
0 0 0 0 E 0 1 9 A.RDKEYBD
C 33

3 META ASSEMBLER 3 - 4 0 A  ( C )  1 9 8 6  A ndy G r ee n /C R A S H  BARRIER ( 0 5 2 5 )  71 71  4 8
A.RDKEYBD CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  1 0
A.RDKEYBD MODULE
0000E01 9 LOCAL
; s c a n  k e y b o a rd
0000  E019 8603 LDA A #$03 i n i t i a l i s e  KEYCNT
0000E01 B 97*12 STAA KEYCNT
0000E01D ■=roo[x. CLR KEYVAL c l e a r  KEYVAL l o c a t i o n
0 0 0 0 E020 4F KEYLOOP CLRA c l e a r  te m p  s t o r e  i n  a c c
0000E021 A
0 0 0 0 EO21 0617 LDAB #$F7 o u t p u t  t e s t  b i t  t o  ro w  4
0000E 023 D717 STAB POET6
0000E 025 9617 LDA A PORTS r e a d  c o lu m n  v a l u e s
0000E 027 *13 COMA
0 000E 028 8*1 FO ANDA i n  1 1 1 10000 (m ask  ro w  d a t a )
0000E02A 2622 BNE KEYTST y e s ,  r e t u r n  w i th  v a l u e s
0000E02C C6FB LDAB #$FB n o ,  o u t p u t  t e s t  b i t  t o  r
0000E 02E ow 2 e t c . . . .
0000E 02E D717 STAB P0RT6
0000E 030 9617 LDA A PORTS
0 0 0 0 E032 43 COMA
0000E 033 84 FO ANDA ii% 11110000 (m ask  ro w  d a t a )
0 0 0 0 E035 2617 BNE KEYTST
0000E 037 C6FD LDAB #$FD
0000E 039 D717 STAB PORTS •
0000E 03B 9617 LDAA PORT6
0000E03D 43 COMA
0 0 0 0 EQ3E 84 FO ANDA #:Ii 1110000 (m ask  row  d a t a )
OOOOEOOO 260C BNE KEYTST
0000E 042 C6FE LDAB H v E
0 0 0 0 E044 D717 STAB PORTS
0 0 0 0 EO^6 9617 LDAA PORT6
0 0 0 0 E 048 43 COMA
0 0 0 0 EO49 84P0 ANDA # * 1 1 1 1 0 0 0 0 (m ask  row  d a t a )
0 0 0 0 E04B 2601 BNE KEYTST
0000  EO^D 5F CLRB
0000EG4E 9743 KEYTST STAA KEYTEMP s t o r e  c o lu m n  d a t a  i n  KEY
0 0 0 0 EO50 TEMP
0 0 0 0 EO50 53 COMB
0C-00E051 DA43 ORAB ‘ KEYTEMP OR t h i s  d a t a  i n t o  a c c  B
0 0 0 0 E053 D743 ' STA3 KEYTEMP s t o r e  ro w  an d  c o l  d a t a  i
OOOOE055 n KEYTEMP
0000E 055 9641 LDAA KEYVAL h a s  a  k ey  b e e n  d e t e c t e d
0 0 0 0 EO57 b e f o r e ?
0 0 0 0 E057 fOo(M BNE KEYCOMP y e s ,  c o m p a re  w i th  new  v a
0000E 059 lu e
0000E 059 D741 '  STAB KEYVAL n o ,  p u t  KEYTEMP i n  KEYVA
0000EO5B L i '
0 0 0 0 E05B 17 TBA f o r c e  v a l u e s  t o  b e  t h e  s
0 0 0 0 E05C ame
0 0 0 0 E05C 10 KEYCOMP SBA a r e  v a l u e s  t h e '  sam e?
0 0 0 0 E05D 2705 BEQ KEYOK y e s ,  p r o c e e d
0 0 0 0  E05F 7F00.41 CLR KEYVAL
0 0 0 0 EO62 2 0 0 5 BRA KEYRET d o n ’ t  c o u n t  t h i s  k e y p r e s
0 0 0 0  £06*1 s '
0000E 064 7A0042 KEYOK DEC KEYCNT d e b o u n c e  u s i n g  KEYCNT
0 0 0 0 E 067 26B7 BNE feYLOOP
0 0 0 0 EO69 7 F 0017 KEYRET CLR PORT 6 r e t u r n  p o r t 6  t o  i n i t i a l




0 0 0 0 E06C
ASSEMBLER B-^OA ( C ) 1986 A ndy G re e n /C R A S H  BARRIER ( 0 5 2 5 )  71711)8
CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT ' P a g e :  11
MEMO
C 3 5
2 META ASSEMBLER 3 . H 0 A  ( C )  1 9 8 6  A ndy  G r e e n /C R A S H  BARRIER
A.RESET CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
( 0 5 2 5 )  7171*18
P a g e :  1 2
0 0 0 0 SO6C 
00 0 0  E06E 
0000EO70 
OOOOE070 
0 0 0 0 EO72 
0000E07*! 
C000E076 
0000E 076  
0 0 0 0 E078 
0 0 0 0  E07 A 
0000E 07C  
0000E 07E  
OOOOEO80 




0000E 088  
OOOOEO88 
OOOOEO 8 A 
0 0 0 0 E08C 









0000E 096  
OOOOEO98 
OOOOEO 9 A 
00G0E09C 
0 0 0 0 E09E 
00,00 EC AO 
OOOOEOA3 
0 0 0 0  E0A5 
O'OOOEO A8 
OOOOEO A A 
00 0 0  EOAB 
OOOOEO AD 
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s e t  d e e  p t  a n d  SIO  r e c ' v
m e
>et p o r t  2 f o r  o u t p u t
s e t  p o r t  
p u t
s e t  t i m e r  
9600
6 f o r  i n p u t / o u t
2 b a u d  r a t e
C 36
2 META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  A ndy G re e n /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1  ^8
A. RESET CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  1 3
0000E 0C 2 8E 013F NRAMOK LDS # $ 0 1 3F
OOOOEOC5 CE0040 LDX #$40
0000  E0C8 4F CLRA
0000  E0C9 A700 RAMCLR STAA 0 ,X
0000E0CB 08 INX
0000E0CC 8C 0140 CPX #$1 40
0000E 0C F 2 6 F8 BNE RAMCLR
0000  E0D1 86 A8 LDAA #$ 101 01 000
OOOOEOD3
0 0 0 0 E0D3 9703 STAA P0RT2
0000E0D 5 86FF LDAA #5611111111
0000E0D 7 9701 STAA P0RT2DDR ‘
OOOOEOD9 8600 LDAA #$00000000
OOOOEODB 9717 STAA P0RT6
0000E0DD 860F LDAA #3600001 11 1
0000  EODF
OOOOEODF 9716 STAA P0RT6DDR
OOOOEO E1 8602 LDAA #$2
OOOOEOE3 9 7 1 C STAA TCONR
0000  E0E5 IF HD6303Y=1
0000E 0E5 8624 LDAA #56001001 00
0000  E0E7 9710 STAA RMCR
0000E 0E 9  8 6 1 A LDAA #560001 1 010
OOOOEOEB 9711 STAA TRCSR1
0000E0ED IF PARITY“ 1
OOOOEOED 8604 LDAA # $ 0 0 0 0 0 1 0 0





0 000  E0F1 ELSE
LDAA #5601 1 1 01 00
STAA RMCR
LDAA # $ 0 0 0 1 1 0 1 0
STAA TRCSR1
OOOOEO F1 ENDIF
OOOOEO F1 8610 LDAA #560001 0000
OOOOEOF3 9 7 1 B STAA TCSR3
OOOOEOF5 8604 LDAA # $ 0 0 0 0 0 1 0 0
OOOOEOF7 9708 STAA TCSR1
0000  E0F9 4F CLRA
OOOOEOFA 9747 STAA ACTYPE
OOOOEOFC 97C7 STAA CALFLG
OOOOEOFE 97DA STAA CALDNF
0000E1 00 4C INCA
0000E1 01 976B STAA DBLANKF
0000E 103  9772 STAA LEDSONF
0000E1 05 9 7 6 F STAA LCDLEQUP
0000E 107  97BE STAA KENCNT
0 0 0 0 E 1 09 9770 STAA NOTYPE
OOOOEIOB 9746 STAA TFLAG
0000E 10D  976A STAA AC MODE
0 0 0 0 El OF 9 7 C6 STAA TOGLCNT
0 0 0 0 E 1 11 CCEOOO LDD #RAMEND
OOOOE11 4 8301^0 SUED #RAMSTRT
0 0 0 0 E 1 1 7 DDE1 STD ME MLB IN
0 0 0 0 E 1 1 9 A.BCDCONV MEMLBIN; MEML3
0 0 0 0 E 1 1 9 ' CD+1
s e t  s t a c k  p o i n t e r
s e t  d e c  p t  a n d  S IO  r e c ’ v 
e l i n e
s e t  p o r t  2 f o r  o u t p u t
s e t  p o r t  6 f o r  i n p u t / o u t  
p u t
s e t  t i m e r  2 b a u d  r a t e  
9600

4 META ASSEMBLER 3 . 4 0 A  (C )  1 9 8 6  A n d y  G r e e n /C R A S H  BARRIER
A* RESET CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
( 0 5 2 5 )  7171*18
P a g e :  1*1
A. BCD CON*/ MACRO BINVAL {BCDVAL
;m a c ro  t o  c o n v e r t  v a l u e s  s t o r e d  i n  p a r a m e te r  BINVAL
t o  bed  v a l u e s  i n  p a r a m e te r  BCDVAL....................b e d  d i g i t s  *1+
5 a r e  a l s o  p l a c e d  i n  BCDOVF    BINVAL & ' BCDVAL 1 6 - b i
t  r e g i s t e r s  (CCR c o n t e n t s  d e s t r o y e d )
0 0 0 0 El 1 9 36 PSHA
0000  E11 A l< F CLRA
0000E 11B  97C3 STAA
; u n i t s
BCDOVF
0000E11D  96E2 LDAA MEMLBIN+1
0 0 0 0 E 1 1 F  8110F ANDA #$ 0 F
0000E1 21 81 OA CMPA #$0A
00 0 0 E 1 2 3  2502 BCS LOSTR
OOOOE125 8B06 ADDA H O  6
0000E 127  97E5 LOSTR STAA 
;m u . l t i p l e s  o f  16
MEMLBCD+1 +1
0000E1 29 D6E2 LDAB MEMLBIN+1
0000E12B  C4F0 ANDB H fo
0000E 12D  54 LSRB
0000E 12E  54 LSRB
0000 E 1 2 F  54 LSRB
0000E1 30 CEF15D LOMIDST LDX #BCDTAB1
0 0 0 0 E1 33 3A ABX
0000E1 34 ECOO LDD 0 ,X
OOOOE136 36 PSHA
OOOOE137 17 TBA
OOOOE1 38 33 PULB
0 0 0 0 El 39 9BE5 ADDA MEMLBCD+1 +1
0000E 13B  19 DAA
0 0 0 0 E13C 9 7 E5 STAA HE MLB CD+1 +1
00 0 0  E1 3 S 36 PSHA
0000E 13F  17 TBA
0000E1 40 33 PULB
0000E1 41 8900 ADCA #$00
00 0 0  E1 43 19 DAA
0000  E1 44 97 E4 STAA MEMLBCD+1
j m u i t i p l e s  Of 25 6
0000E1 46 D6E1 LDAB ME MLB IN
0000E1 48 C40F ANDB H O F
00 0 0  E1 4A 5 8 AS LB
0000E 14B  CEF17D HIMIDST LDX #BCDTAB2
0 0 0 0  El 4 E 3 A ABX
000 0 E 1 4 F  ECOO LDD : 0 ,X
0000E1 51 36 PSHA
0000  E1 52 17 TBA
OOOOE1 53 33 PULB
0 0 0 0 E154 9BE5 ADDA MEMLBCD+1 +1
00 0 0  E15 6 19 DAA
000 0 E 1 5 7  9 7 E5 STAA MEMLBCD+1 +1
0 0 0 0 E15 9 36 PSHA
0000E15A  17 TBA
0000E 15B  33 PULB
0000  E1 5 C 99E4 ADCA MEMLBCD+1
0000E 15E  19 DAA
0 0 0 0 E15F 97E4 STAA MEMLBCD+1
{ m u l t i p l e s  o f  4096 (4  d i g  o n ly )
te m p  s t o r e  a c c u m u la to r  A
C 38

4 META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  Andy G r een /C R A S H  BARRIER
A. BCDCONV CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
0000E1 61 D6E1 LDAB ME MLB IN
0000E1 63 C4F0 ANDB #$ FO
0000E1 65 54 LSRB
0000E1 66 54 LSRB
0000E1 67 54 LSRB
0000E1 66 CEF19D H IST LDX #BCDTAB3
0000E 16B 3A ABX
0000E1 6C ECOO LDD Of X
0000E 16E 36 PSHA
0000E1 6F 17 TBA
0000E1 70 33 PULB
0000E1 71 9BE5 ADDA MEMLBCD+1'+1
0000E1 73 19 DAA
0000E1 7*1 97 E5 STAA MEMLBCD+1 +1
0 0 0 0 E 1 76 36 PSHA
0000E1 77 17 TBA
0 0 0 0 E 1 76 33 PULB
0 0 0 0 E 1 79 99E4 ADCA MEMLBCD+1
OO0OE17B 19 DAA
0000E 17C 97 E4 STAA MEMLBCD+1
0000E 17E 96C3 LDAA BCDOVF
000CE1 80 8900 ADCA #$00
0000E1 82 97C3 STAA
; o t h e r  d i g  o f  4096
BCDOVF
m u l t i p l e
0000E1 84 D6E1 LDAB MEMLBIN
0000E1 86 C4 FO ANDB #$F0
0 000  E1 88 54 LSRB
0 000  E189 54 LSRB
0 0 0 0 El 8 A 54 LSRB
0000  E18B 54 LSRB
0000E1 8C CEF1BD LDX ABCDTAB4
0 0 0 0  E18 F 3 A ABX
0000  E1 80 A600 LDAA o , x
0 000E 192 9BC3 ADDA BCDOVF
OOOOE'i 94 19 DAA
0 000  E1 95 97 C3 STAA BCDOVF
0000E1 97 32 PULA
0000E1 98 MEND
OOOOE198 96 C3 LDAA BCDOVF
00 0 0  E1 9 A 97 E3 STAA MEMLBCD
0000  E1 9 C CCFFBC LDD #$FFBC
0000E 19F DDD5 STD CALOFF’
OOOOE1 AT 861 2 LDAA #% 0001 0010
0 0 0 0  E.1 A3. 9759 . STAA LEDS REG
0000  E1A5 CE0080 LDX ii'RXBUF
0 0 0 0 El AS DFA9 SIX RXPTR
0000  E1 AA CE0T40 LDX #RAMSTRT
0000E1AD DF60 SIX RA MP NT R
0000E1 AF 8684 START LDAA # PAUSE
0000E1 B1 9741 STAA KEl’VAL
0 0 0 0 El B3 
0 0 0 0  E1 B6
724003 OIM $ 0 1 0 0 0 0 0 0 , POR
T2
0000E1 B6 71 BF03 AIM $ 1 0 1 1 1 1 1 1 , PCR
00 0 0  E1' B9 T2
0 0 0 0 EtB9 CCOOOO LDD # $ 0000
0 0 0 0 El BC DDC9 STD FRC
p a u s e
( 0 5 2 5 )  71 71 4 8
P a g e :  15
i
C 39
3 META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  Andy G re e n /C R A S H  BARRIER
A.RESET CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
OOOOE1 BE OE CL I
OOOOE1BF MEND
OOOOE1BF A.MAIN
( 0 5 2 5 )  7 1 7 1 4 8
P a g e :  1 6
i
C 40
5  META ASSEMBLER 3 . }10A ( C )  1 9 8 6  Andy G re en /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1  ^8
A.MAIN CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  1 7
A. MAIN MODULE 
;m a in  m o d u le
* **##*###**##########
ML,OOP
0000E 1B F 1 A SLP
0000E1 CO 7D00C0 TST MONFLG
0000E 1C 3 2706 BEQ NMON
0000E1C5 7F00C0 CLR MONFLG
0000E 1C 8 7EF90A
NMON
JMP MONITA
0000E1CB 7A00BE DEC KENCNT
0000E1CE 2608 BNE NKEYEN
0000E1 DO 8610 LDA.A #$1 0
0000E1D 2 97BE STAA KENCNT
0000E1 D*1 H F CLRA




0000E1D 8 9641 LDAA KEYVAL
0000E1 DA 2703 BEQ TRYREAD
0000E1 DC 7EE315 JMP INTRPRT
0000E1 DF 7DC072 TRYREAD TST LEDSONF
0 0 0 0 El E2 2603 BNE R0W30K
0 0 0 0 E1 E4 720*117 OIM $ 0 0 0 0 0 1 0 0 ,POR
0000E1 E7 T6
0 0 0 0 E1E7 9615 R0W30K LDAA P0RT5
0000E 1E9 8401 ANDA ir% 00000001
0000E1EB 2653 BNE NO ICE Y
000CE1 ED A. RDKEYBD
p o l l  k e y b o a rd  
i f  no  k e y . . .
. .  .g o  b a c k  t o  s l e e p
C 1*1

6 META ASSEMBLER 3 . 40A  ( C )  1 9 8 6  A ndy G re e n /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1 4 8




* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
; s c a n  k e y b o a rd
0000E1 ED 8603 LDAA #$03 i n i t i a l i s e  KEYCNT
0000E 1E F  9742 STAA KEYCNT
0000E1F1 7F0041 CLR KEYVAL c l e a r  KEYVAL l o c a t i o n
0000E1 F4 4F KEYLOOP CLRA c l e a r  te m p  s t o r e  i n  a c c
0000E 1F5 A
0000  E1F5 c 6 r r LDAB #$F7 o u t p u t  t e s t  b i t  t o  ro w  4
0000E 1F 7 D717 STAB PORT 6
0000E 1F 9  9617 LDAA P0RT6 r e a d  co lu m n  v a l u e s
0000E1FB  43 COMA
0 0 0 0 E1 FC 8 4 FO ANDA # $ 1 1 1 1 0 0 0 0 (m ask  ro w  d a t a )
0000E 1FE  2622 BNE KEYTST y e s ,  r e t u r n  w i th  v a l u e s
0 00 0 E 2 0 0  C6FB LDAB #$FB n o ,  o u t p u t  t e s t  b i t  t o  r
0000E 202 ow 2 e t c . . . .
0 000E 202  D717 STAB P0RT6
0 000E 204  9617 LDAA P0RT6
0000E 206  43 COMA
0 0 00E 207  8 4 FO ANDA # $ 1 1 1 1 0 0 0 0 (m a sk  ro w  d a t a )
0 00 0 E 2 0 9  2617 BNE KEYTST
0000E 20B  C6FD LDAB #$FD
0000E 20D  D717 STAB P0RT6
0 000E 20F  9617 LDAA P0RT6
0 0 0 0 E 2 1 1 43 COMA
0 0 0 0 E21 2 84 FO ANDA # $ 1 1 1 1 0 0 0 0 (m ask  row  d a t a )
0000E21 4 260C BNE KEYTST
00 00 E216 C6 FE LDAB #$FE
0 0 0 0 E 2 1 8 D717 STAB P0RT6
0000E21 A 9617 LDAA PORT 6
0 0 0 0 E2.1 C 43 COMA
0000  E21D 84FO ANDA # $ 1 1 1 1 0 0 0 0 (m ask  row  d a t a )
0000E21 F 2601 BNE KEYTST
0000E221 5F CLRB
0 000E 222  9743 KEYTST STAA KEYFEMP s t o r e  c o lu m n  d a t a  i n  KEY
0000E 224 TEMP
0000E 224 53 COMB
0 000E 225  DA43 ORAB KEYTEMP OR t h i s  d a t a  i n t o  a c c  B
0000E 227  D743 STAB KEYTEMP s t o r e  ro w  a n d  c o l  d a t a  i
0 0 00E 229 n KEYTEMP
000 0 E 2 2 9  9641 LDAA KEYVAL h a s  a  k ey  b e e n  d e t e c t e d
0000E 22B b e f o r e ?
0000E 22B  2603 BNE KEYCOMP y e s ,  c o m p a re  w i t h  new  v a
0000E22D l u e
0000E 22D  D741 STAB KEYVAL n o ,  p u t  KEYTEMP i n  KEYVA
0000E 22F L
0 000E 22F  17 TBA f o r c e  v a l u e s  t o  b e  t h e  s
0000E 230 ame
000 0 E 2 3 0  10 KEYCOMP SBA a r e  v a l u e s  t h e  sam e?
OOOOE231 2705 BEQ KEYOK y e s ,  p r o c e e d
0000E 233  7F0041 CLR KEYVAL
0000E 236  20 0 5 BRA KEYRET d o n ’ t  c o u n t  t h i s  k e y p r e s
0000E 238 s
0 000E 238  7A0042 KEYOK DEC KEYCNT d e b o u n c e  u s i n g  KEYCNT
0000E 23B  26B7 BNE KEYLOOP
0000E23D  7F 0017 KEYRET CLR P0RT6 r e t u r n  p o r t 6  t o  i n i t i a l
0000E 240 v a lu e
C 42
6 META ASSEMBLER 3 -^ O A  ( C )  1 9 8 6  Andy G r e e n /C R A S H  BARRIER
A.RDKEYBD CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
0000E2H 0 MEND
( 0 5 2 5 )  71 71 48
P a g e :  1 9
5 META-ASSEMBLER 3 - J10A ( C )  1 9 8 6  Andy G r e e n /C R A S H  BARRIER
A.MAIN CRL 2 . 3 6  SHORT L6 q DATA AQUISITION UNIT
NOKEY
0000E2H0 7DOOC7
0 0 0 0 E2M3 2603
000Q E2iJ5 7EE30E
0 0 0 0 E 248 7 B 0 U 6  CALPH
0000E2HB 2606
0000E 24D  7 FO0^1
0000E 250  7EE30E









( 0 5 2 5 )  7171*18




7 META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  A ndy  G r ee n /C R A S H  BARRIER
A.CALMOD CRL 2 . 3 6  SHORT Ldq DATA AQUISITION UNIT
( 0 5 2 5 )  71 71 4 8
P a g e : 21
A. CALMOD MODULE
0000E 253 9641 LDAA KEYVAL
0000E 255 81 F8 CMPA #$F8
0 000E 257  26 1 7 BITE NCALCLR
0 0 0 0 E 259 4F CLRA
0000E25A 97C7 STAA CALFLG
0000E 25C 97 DA STAA CALDNF
0000E 25E CCFFBC LDD #$FFBC
0000E261 DDD5 STD CALOFF
0000E 263 71 BFD7 AIM * 1 0 1 1 1 1 1 1 ,ERR
OOOOE266 STAT
0000E 266 71 F259 AIM *111 1 0 0 1 0 , LED
0000E 269 SREG
0000E 269  8622 LDAA # SHORTLEQ




0000E 270 8114 CMPA #EIGTH
0000E 272 2607 BNE- N94DB
0000E 274 CC03AC LDD # $ 0 3 AC
0000E 277 DDDC STD CALVAL
0000E 279 205D BRA TSTOFF
0000E 27B 8124 N94DB CMPA #ONESEC
0000E 27D  26 0 7 BNE N104DB
0 0 0 0 E27F CC0410 LDD #$ 0 4 1 0
0000E 282 DDDC STD CALVAL
0 0 0 0 E 284 2052 BRA TSTOFF
0 0 0 0 E286 81 44 N104 DB CMPA #TENSEC
0 0 0 0 E 2 8 8  2607 BNE N117 DB
0000E28A CC0492 LDD # $0492
0000E28D DDDC STD CALVAL
0 000E 28F  2047 BRA TSTOFF
0000E 291 8184 N117DB CMPA # PAUSE
OOOOE293 2605 BNE N124DB
0000E 295 C CO 41)8 LDD #$04 D8
0000E 298 DDDC STD CALVAL
0000E29A D6E0 N124DB LDAB CALKCNT
0000E 29C  5C INCB
0000E29D D7E0 STAB CALKCNT.
0000E 29F C108 CMPB #8
0000E2A1 2635 BNE TSTOFF
0000E2A 3 5F CLRB
0000E2A4 D7E0 STAB CALKCNT
0000E2A 6 8118 CMPA # 0 0 DEI
0 0 0 0 E2A8 2 6 0 9 BNE NUP1 DB
0 0 0 0 E2AA DCDC LDD CALVAL
0 0 0 0 E2AC C3000A ADDD #10
0000E2AF DDDC STD CALVAL
0000E2B1 2025 BRA TSTOFF
0 0 0 0 E2B3 8128 MUP1 DB CMPA #C0DE2
00 0 0  E2B5 260B BNE NDN1.DB
0 0 0 0 E2B7 DCDC LDD CALVAL
OOOOE2B9 271 D BEQ TSTOFF
0000E2BB 8 3 0 0 0 A SUBD #10
0 0 0 0 E2BE DDDC STD CALVAL
0000E 2C 0 2016 BRA TSTOFF
0000E 2C 2 8 148 NDN1 DB CMPA # code 's .
0 0 0 0 E2C4 2607 BNE NUPPT1 DB
0000E2C6 DEDC LDX CALVAL
C 45

7 META ASSEMBLER 3 .* 1 0 A (C )  1 9 8 6  A ndy  G r ee n /C R A S H  BARRIER
A.CALMOD CRL 2 . 3 6  SHORT L eq  DATA AQUISITION UNIT
( 0 5 2 5 )  7 1 7 1 4 8
P a g e :  2 2
0000E 2C 8 08 INX
0000E2C9 DFDC STX CALVAL
0000E2CB 200B BRA TSTOFF
0000E2CD 81 8 8 NUPPT1 DB CMPA # CODE 4
0000E 2C F 2607 BNE TSTOFF
0000  E2D1 DEDC LDX CALVAL
0000E2D 3 2703 BEQ TSTOFF
0000E2D5 09 DEX
0000E2D6 DFDC STX CALVAL
0 0 0 0 E2D8 DED5 TSTOFF LDX CALOFF
0000E2DA 8C 007F CPX # $ 0 0 7 F
0000E2DD 230E BLS CALOK
0000  E2DF 8CFF80 CPX #$FF80
0000E 2E2 2209 BHI CALOK
0000E2E4 8601 LDAA #$01
0 0 0 0  E2E6 9755 STAA ERRFLAG
0000E 2E8 7240D7 0 1 M $ 0 1 0 0 0 0 0 0 ,ERR
0 0 0 0 E2EB STAT
0000  E2EB 2 0 1 6
CALOK
BRA DOCAL
0000E2ED  71BFD7 AIM %10111111 , ERR
0 0 0 0  E2F0 STAT
0 0 0 0  E2F0 81 Cl CMPA #RESETCUM BOR
0 0 0 0  E2F2 #RELMAX
0000  E2F2 2 6 0 F BNE DOCAL
0000E 2F4 4F CLRA
0000E 2F5 97C-7 STAA CALFLG
0000E 2F 7 4C INCA
00 0 0  E2F8 97 DA STAA CALDNF
0 0 0 0 E2FA 71 F259 AIM $1111001 Of LED
0 0 0 0 E2FD SREG
0000E2FD 8622 LDAA #SHORTL.EQ




00G 0E303 DC50 LDD DATA
0000E 305 D3D5 ADDD CALOFF
0 000E 307 93 DC .SUED CALVAL
0000E 309 DDD5 STD CALOFF.




6 META ASSEMBLER 3 *»0A ( C )  1 9 8 6  A ndy G r een /C R A S H  BARRIER
A.MAIN CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
( 0 5 2 5 )  71 71 ^8
P a g e :  2 3
0000E 30E  96»11 
0000E 310  2603  











8 META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  A ndy G r e e n /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1 4 8
A.KEYINT CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  2 4
A.KEYINT MODULE
OOOOE315 8121 CMPA #LEDENABL LEDENABLE
OOOOE317 2612 BNE NLEDKEY
0000E 319  7DOOC5 TST KENFLG
0000E 31C  270D BEQ NLEDKEY
0000E 31E  4F CLRA
0000E31 F 97C5 STAA KENFLG
0000E 321 8610 LDAA # $ 1 0
OOOOE323 97BE STAA KENCNT
0000E 325  750172 EIM $ 0 1 .LEDSONF
000 0 E 3 2 8  7EE6C7 JMP NSTRT
0000E 32B  8122 NLEDKEY CMPA #SHORTLEQ
0000E 32D  2 6 1 8 BNE NSHRTLEQ
000 0 E 3 2 F  4F CLRA
0 0 00E 330  976D STAA LCDMAXUP
0000E 332  976E STAA LCDCUMUP
OOOOE334 9771 STAA LCDNOUP
OOOOE336 9770 STAA NOTYPE
OOOOE338 4C INCA
OOOOE339 9 7 6 F STAA LCDLEQUP
OOOOE33B 728003 OIM 551 0 0 0 0 0 0 0 , POR
OOOOE33E T2
OOOOE33E 71F059 AIM 561 1 1 1 0 0 0 0 , LED ✓
OOOOE341 SREG




J  MP NSTRT
OOOOE347 81 82 CMPA #MAXLEQ
OOOOE349 2618 BNE NMAXLEQ
0 0 0 0 E34 B 4F CLRA
0000E 34C  97 6 F STAA LCDLEQUP
OOOOE34E 976E STAA LCDCUMUP
0000E 350  9771 STAA LCDNOUP
0000E 352  9770 STAA NOTYPE
0000E 354  4C INCA
00 00E 355  976D STAA LCDMAXUP
00 00E 357  728003 OIM $ 1 0 0 0 0 0 0 0 ,POR s e t  d e c  p t
0 0 0 0 E35 A T2
OOOOE35A 71F059 AIM $ 1 1 1 1 0 0 0 0 ,LED
OOOOE35D SREG
OOOOE35D 720859 OIM $ 0 0 0 0 1 0 0 0 ,LED
0000E 360 SREG
0000E 360  7EE6C7
NMAXLEQ
JMP NSTRT
OOOOE363 81 42 CMPA tfCUMLEQ
OOOOE365 2618 BNE NCUMLEQ
0000  E3 67 4F CLRA
OOOOE368 976D STAA LCDMAXUP
OOOOE36A 976F STAA LCDLEQUP
OOOOE36C 9771 STAA LCDNOUP
OOOOE36E 9770 STAA NOTYPE
0000E 370  4C INCA
OOOOE371 976E STAA LCDCUMUP
OOOOE373 728003 OIM $ 1 0 0 0 0 0 0 0 ,POR s e t  d e c  p t
0000E 376 T2
0000E 376  71 F059 AIM $1111 0 0 0 0 ,LED
OOOOE379 SREG
OOOOE379 720H59 OIM $ 0 0 0 0 0 1 0 0 ,LED
C 48

8 META ASSEMBLER 3 . HOA ( C )  1 9 8 6  Andy G re e n /C R A S H  BARRIER ( 0 5 2 5 )  7 17 1  ]18





0000E 37F  8 1 1 2 CMPA #LEQNO
OOOOE38 I 2626 BNE NLEQNO
0000E 383  7D00C5 TST KENFLG
OOOOE386 2721 BEQ NLEQNO
000 0 E 3 8 8  lIF CLRA
0 0 0 0 E389 9 7 C5 STAA KENFLG
0000E 38B  976D STAA LCDMAXUP
0000E 38D  976E STAA LCDCUMUP
0 0 0 0 E38 F 9 7 6 F STAA . LCDLEQUP
0000E391 4C INCA
0 0 0 0 E 3 92 9771 STAA LCDNOUP
OOOOE394 8610 LDAA #$10
OOOOE395 9 7 BE STAA KENCNT
OOOOE398 717F03 AIM $ 0 1 1 1 1 1 1 1 ,POR s e t  t h r e e  d o t s
0 0 0 0 E39B T2
OOOOE39B 9670 LDAA NOTYPE
OOOOE39D 8401 ANDA #$00000001
OOOOE39F 8801 EORA #$00000001
0000E3A1 9770 STAA NOTYPE
0 0 0 0 E3A3 7 1 F059 AIM $ 1 1 1 1 0 0 0 0 ,LED
OOOOE3A6 SREG
00 0 0  E3A6 7EE6C7 JMP NSTRT
OOOOE3A9 7D006A NLEQNO TST ACMODE
0 0 0 0 E3AC 2603 BNE RUN KEYS
0 0 0 0 E3AE 7EE5C3 JMP N RUN KEYS
0000E3B1 81 84 RUN KEYS CMPA //■PAUSE
0 0 0 0 E3B3 2703 BEQ DQPAUSE
0 0 0 0  E3B5 7EE58F JMP NPAUSE
0 0 0 0 E3B8 OOPAUSE A. PAUSE
C 49

9 META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  A ndy G r e e n /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1 4 8
A.PAUSE CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  2 6
A. PAUSE MODULE
OOOOE3B8 7F006A CLR ACMODE
;w as t h e  2 .3 6  r u n n in g ?
0000E3BB 9647 LDAA ACTYPE
0000E3BD 27 1 3 BEQ CONVCMP
;w as t h e r e  1 c o m p le te  c o n v e r s io n ?
0000E3BF DC60 LDD RAMPNTR p r e v e n t s  e n d l e s s  e m p ty  h
0000E3C1 e a d e r s  i f
0000E3C1 830010 SUBD #$001 0 a  c o n v e r s i o n  i s  i n t e r r u p
OOOOE3C4 t e d  b e f o r e
OOOOE3C4 18 XGDX t h e  f i r s t  d a t a  i s  s t o r e d
0000E3C5 9C4 A CPX CHDSTRT+1
OOOOE3C7 2609 BNE CONVCMP
OOOOE3C9 9662 LDAA RAMPNTB
0000E3CB 9149 CMPA CHDSTRT
0000E3CD 2603 BNE CONVCMP
0000E 3C F 7EE578 JMP NLASTEND
CONVCMP
; b u i l d  new h e a d e r
0000E3D2 7F006C CLR HDRFLD
OOOOE3D5 7F 0056 CLR HDWCTR
0 000  E3D8 CEF1CD LDX #HLOOK
00 0 0  E3DB DF57 STX HLPTR
0000E3DD 9603 LDAA P0RT2
0000E3D F 8402 ANDA # $ 0 0 0 0 0 0 1 0
0000E3E1 44 LSRA
0000E 3E 2 9762 STAA RAMPNTB
0 0 0 0 E3E4 DE60 LDX RAMPNTR
0 0 0 0 E3E6 DF63 STX RAMP STR
OOOOE3E8 9662 LDAA RAMPNTB
0000E3EA  9765 STAA RAMPBSTR
0000E3EC  7D 0073 NXEMPTY TST RAMFULL
0000E 3E F  2706 BEQ NFULL1
0000E3F1 8601 LDAA #$01
OOOOE3F3 976C STAA HDRFLD
0000E 3F 5  204E BRA DOLAST
0000E 3F 7 DE60 NFULL1 LDX RAMPNTR
OOOOE3F9 8CE000 CPX #RAMEND
0000E3FC  2625 BNE DOWRT
OOOOE3FE 7D 0062 TST RAMPNTB
0000E401 2708 BEQ OTHRPG
0000E 403  8601 LDAA #$01
0000E 405  976C STAA HDRFLD
0 000E 407  9773 STAA RAMFULL
0 0 00E 409  2 0 3 A BRA DOLAST
0000E 40B  8601 OTHRPG LDAA #RAMENDB
0000E40D  26 0 8 BNE TOGL1
0000 E 4 0 F  8601 LDAA #$01 .
0000E411 976C STAA HDRFLD
0 0 0 0 E 4 1 3 9773 STAA RAMFULL
0000E 415  202E BRA DOLAST
0000E 417  8601 TOGL1 LDAA #$01
0000E41 9 9762 STAA RAMPNTB
0000E 41B  720203 OIM $ 0 0 0 0 0 0 1 0,PO R
0000  E41E T2
0000E 41E  CE0140 LDX #RAMSTRT
OOOOE421 DF60 STX RAMPNTR
0000E 423  9656 DOWRT LDAA HDWCTR
0000E 425  4C INCA
C 5 0

9 META ASSEMBLER 3 .  HOA ( C )  1 9 8 6  A ndy G re e n /C R A S H  BARRIER ( 0 5 2 5 )  71 71 H8
A. PAUSE CRL 2 .3 6  SHORT L eq  I
0000EH 26 9756 STAA
0000EH 28 8111 CMPA






OOOOEH3 H 08 INX
OOOOEH35 DF57 STX
0000EH 37 DE60 LDX






0000 Ell H 3 2 0 A7 BRA
DOLAST 
; f i n i s h l a s t  h e z
o o o o e h h s  d e 6o LDX
0000EHH7 8C 0150 CPX
0000 Eft HA 260F BNE
0000EHHC 9662 LDAA
0 0 0 0 EHHE 260B BNE
0000EH50 CE01H0 LDX
0000EH53 DFHA STX
0 0 0 0 EH 55 HF CL.RA
0000EH 56 97H9 STAA
0000EH 58 7EE578 JMP
0000EH5B 96H9 D0LAST1 LDAA
0000EH5D 2605 BNE
0000EH 5F 7 1 FD03 AIM
0000EH62 
0000EH62 2003 BRA
0000EH6H 7 20203 CHDB1 OIM
0000EH 67 
0 0 0 0 EH67 DEHA
CHDBDN
LDX
0000EH 69 08 INX
0 0 0 0 EH 6A 8CE000 CPX.
0000EH6D 2606 BNE
0000EH 6F CE01 HO LDX
0000EH 72 720203 OIM
0000  EH 75'
NHD0VF1
0000EH75 DC53 LDD
0 0 0 0 EH77 71FE03 AIM
0 0 0 0 EH7A 
0 0 0 0 EH7 A E700 STAB
0 0 0 0 EH7C 72 0 1 0 3 OIM
0000EH 7F 
0000EH 7F A700. STAA
0000EH81 9652 LDAA
0 0 0 0 EH83 71FE03 AIM
0000EH86
0000  EH 86 08 INX
0000EH87 8CE000 CPX
0000EH8A 26 0 6 BNE



























5511111101 , POR 
T2
CHDBDN
% 0 0 0 0 0 0 1 0 ,POR 
T2
CHDSTRT-M




550000001 0 , POR 
T2
DATACNT+1 
J51'11 1 1 1 1 0 , POR 
T2
# 0 ,X  n o  o f  d a t a  s a m p le s
5500000001 , POR 
T 2 , ..








9 META ASSEMBLER 3 .H 0 A  (C )  1 9 8 6  A n d y  C-reen/CRASH BARRIER ( 0 5 2 5 )  7171  ^ 8
A.PAUSE CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  2 8
0000EH8C CE01H0 






0000EH95 08  
0000EH96 0 8  





OOOOEH A1 CE01H0 
OOOOEHAH 3A 
0000EHA5 720203  
0000EHA8





















0 0 0 0 EHD3 E700















OOOOEHEE 0 8  
OOOOEHEF 0 8
LDX #RAMSTRT



















LDD # $ 2 0 0 0
ADDD #RAMSTRT













AIM $ 1 1 1 1 1 1 1 0 ,POR
T2
STAB 0 ,X
















no o f  d a t a  s a m p le s  h i  wo 
r d
f u d g f e . . . . o f f s e t  t o  s t a r t  
o f  n e x t '
a l l o w s  f o r  p r o g  g a p  b u t  
e x te n d e d  h e a d e r s  
n o t  c a t e r e d  f o r
C 52

9 META ASSEMBLER 3-MOA ( C )  1 9 8 6  Andy G r e en /C R A S H  BARRIER
A.PAUSE CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
( 0 5 2 5 )  71 71 M8
P a g e :  2 9
0 0 0 0 EMFO 08 INX
OOOOEM FI 8CE000 CPX H eooo
OOOOEMFM 250B BCS NHD0VF5
OOOOEMF6 18 XGDX
OOOOEM F7 83EOOO SUED #$E 000
0 0 0 0 EM FA CE01 MO LDX #RAMSTRT
OOOOEMFD 3A ABX
OOOOEMFE 7 2 0 2 0 3 OIM /bOOOOOOl 0 , POR
0000E501 T2
0000E501 720103 NHD0VF5 OIM $00000001  , POR
0000E50M T2
0000E50M 96 DB LDAA LINASTR
0000E 506 A700 STAA 0 ,  X
0000E 508 08 INX
0000E 509 8CE000 CPX #$E000
0000E 50C 2506 BCS NHD0VF6
0000E 50E CE01MO LDX #RAMSTRT
0 0 0 0 E 5 1 1 720203 OIM $0000001  0 ,P 0 R
0000E51M T2
0000E51 M 08 NHD0VF6 INX
0000  E515 8CE000 CPX #$E000
0 0 0 0 E 5 1 8 2606 BNE NHD0VF7
0000E51A CE01MO LDX #RAMSTRT
0000E51D 720203 OIM $0000001 O.POR
0000E 520 T2
0000E 520 7 1 FE03 NHD0VF7 AIM $ 1 1 1 1 1 1 1 0 ,POR
0 000E 523 T2
0000E 523 96 CM LDAA COD USE
0000E 525 MM LSRA
0000E 526 MM LSRA
0000E 527 MM LSRA
000 0 E 5 2 8 A700 STAA 0 »x
0000E52A 720103 OIM $ 0 0 0 0 0 0 0 1 ,POR
0000E52D T2
0000E 52D 96M 7 LDAA ACTYPE
OOOOE52F 8101 CMPA #1
0000E531 2606 BNE N18
0000E 533 8602 LDAA #2
0000E 535 A700 STAA 0,X
0 0 0 0 E537 200E BRA. ' DCALWRT
0 000E 539 8108 N18 CMPA #8
0000E 53B 2606 BNE N1
0000E 53D 8603 LDAA #3
OOOOE53F A700 STAA 0 ,X
0000E5M1 200M BRA DCALWRT




0000E5M7 0 8 INX
0000E5M8 8 CEO00 CPX #$E000
0000E5MB 2606 BNE NHD0VF8
0000E5MD CE01MO LDX #RAMSTRT
0000E 550 720203 OIM $ 0 0 0 0 0 0 1 0 ,POR
0000E 553 TO
OOOOE553 71 FE03 NHD0VF8 AIM $ 1 1 1 1 1 1 1 0 , POR
OOOOE556 T2
0000E 556 96 D6 LDAA CALOFF+1
0 0 00E 558 A700 STAA 0 ,X
0000E55A 720103 OIM $ 0 0 0 0 0 0 0 1 ,POR
C 5 3
9 META ASSEMBLER 3 - 40A (C
A.PAUSE CRL 2 . 3 6  SHORT
OOOOE55D 
0000E 55D  9 6 DA 







0000E 56C  9662
OOOOE56E 2 7 0 5
0000E 570  7 20203
OOOOE573
0 0 0 0 E573 2003
0000E 575  71 FD03 SETP2
0000E 578
jE X T E N D E D
N L A S T E N D
000 0 E 5 7 8  71 0 F 5 9  
0000E57B  
0000E 57B  7 2 1 0 5 9  
0000E 57E  
0000E 57E  7 2 8 0 0 3  
0000E581 
0000E581 4F 
0 0 0 0 E582 9 7 DA 
OOOOE584 9752 
0000E 586  9753 
0000E 588  9754 
0000  E5 8 A 97C4 
0000E58C
1 9 8 6  A ndy G re e n /C R A S H  BARRIER


















AIM 5600001111 , LED
SREG
OIM 560001 0 0 0 0 , LED
SREG









( 0 5 2 5 )  7 1 7 1  4 8




8 META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  A ndy G re e n /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1 4 8
A.KEYINT CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  31
0 0 0 0 E58C 7EE6C7 JMP NSTRT
NPAUSE
000 0 E 5 8 F  8141 CMPA #RESETCUM
0000E 591 2614 BNE NRSTCUM
0 0 0 0 E593 4F CLRA
0000E 594 974C STAA CUMBIN
0000E 596 974D STAA CUMBIN+1
0 0 0 0 E598 97 CC STAA CUMDOSE
0000E 59A 97CD STAA CUMDGSE+1
0000E 59C 97CE STAA CUMDOSE+2
OOOOE59E 97 CF STAA CUMTIME
0 0 0 0 E5AO 97DO STAA CUMTIME+1
00 0 0  E5A2 97D1 STAA CUMTIME+2
0000E5A»J 7EE6C7 JMP NSTRT
0000E5A 7 8181 NRSTCUM CMPA # RELI-IAX
0000  E5A9 26 0 9 BNE NRELMAX
0 0 0 0 E5AB 7F005A CLR MAXBIN
0000E5AE 7F005B CLR MAXBIN+1
0000E5B1 7EE6C7 JMP NSTRT
0000E5B4 7B08H1 NRELMAX TIM $00001 0 0 0 , KEY
OOOOE5B7 VAL
0000E5B7 27 0 7 BEQ NCODE '
;N O TE!! ONLY THE MOST RECENT VALID CODE IS
OOOOE5B9 9641 LDAA KEYVAL
0 0 0 0 E5BB 8 4 FO AN DA #$F0
0000E5BD LSRA
0000E5BE 97 4 8 STAA CODE
NCODE
0 0 0 0 E5CO 7EE6C7 JMP NSTRT
NR UN KEYS
0000E5C3 8111 CMPA #CAL
0000E 5C 5 2625 BNE NCAL
0000  E5C7 4F CLRA
0000  E5C8 97 D5 STAA CALOFF
0000E5CA 9 7 D6 STAA CALOFF+1
0000E5CC 97 EO STAA CALKCNT
0000E5CE 976D STAA LCDMAXUP
0000E5D0 976E STAA LCDCUMUP
0000E5D2 9771 STAA LCDNOUP
0000  E5D4 9770 STAA NOTYPE
0000E5D 6 4C INC A
0000  E5D7 976F STAA LCDLEQUP
OOOOE5D9 97 C7 STAA CAL.FLG
0000  E5DB CC03AC LDD # $ 0 3 AC .
0000E5DE DDDC STD CALVAL
0000  E5E0 728003 OIM $ 1 0 0 0 0 0 0 0 ,POR s e t  d e c
OOOOE5E3 T2
0000  E5E3 71 F059 AIM $ 1 1 1 1 0 0 0 0 ,LED
0000  E5E6 SREG
0000E5E6 7 2 0 1 5 9 OIM $ 0 0 0 0 0 0 0 1 ,LED
0 0 0 0 E5E9 SREG
0000  E5E9 7EE6C7 JMP NSTRT
0000E5EC 7D0073 NCAL TST RAMFULL
0000E 5E F  2703 BEQ NFULL2
00 0 0  E5F1 7EE6C7 JMP NSTRT
0000  E5F1! 811'4 NFULL2 CMPA //EIGTH
0 0 0 0  E5F6 26^2 BNE NEIGTH





8 META-ASSEMBLER 3 . 4 0 A  (C )  1 9 8 6  A n d y  G r e e n /C R A S H  BARRIER
A.KEYINT CRL 2 . 3 6  SHORT L e q  DATA ACQUISITION UNIT
00 0 0  E5FB SREG
0000  E5FB 7 2 8 0 5 9 OIM 0 0 0 0 0 0 0 ,LED
0 0 0 0 E5FE SREG
0000  E5FE 4F CLRA
0000  E5FF 974 C STAA CUMBIN
0000E601 974D STAA CUMBIN+1
0000E 603 97 CC STAA CUMDOSE
0000E 605 97CD STAA CUMDQ5E+1
0000E 607 97 CE STAA CUMDOSE+2
00 00E 609 97 CF STAA CUMTIME
0000E 60B 97DO STAA CUMTIME+1
OOO0E6OD 97 D1 STAA CUMTIME+2
0 0 0 0 E60F 975A STAA MAXBIN
0 0 0 0 E 6 1 1 975B STAA MAXBIN+1
0 0 0 0 E 6 1 3 9766 STAA RUNBIN
0000E 615 9767 STAA RUNBIN+1
0 0 0 0 E 6 1 7 9768 STAA RUNBIN+2
0000E61 9 4C INCA
0000E61A 976A STAA ACMODE
0 0 0 0 E61C 9747 STAA ACTYPE
0000E61 E 9769 STAA TOTALCNT
0000E 620 9615 ADWAIT2 LDAA PORTS
0000E 622 8402 ANDA #5(00000010
0000E 624 26FA BNE ADWAIT2
0000E 626 9630 LDAA ADRD
00 00E 628 817F CMPA #$7F
0000E62A 22 0 7 BHI. LINP0S1
0000E 62C 8601 LDAA #$01
0000E 62E 97 D3 STAA LINASTR
0000E 630 7EE6C7 JMP NSTRT
0 0 0 0 E633 8605 LINPQS1 LDAA #$05
0 0 0 0 E635 97 D3 STAA LINASTR
0000E 637 7EE6G7 JMP NSTRT
OOOOE63A 8124 NEIGTH CMPA #ONESEC
0000E63C 2644 BNE NONESEC
0 0 0 0 E63E 710F59 AIM 5(00001111 , LED
OOOOE641 SREG ' ' '
OOOOE541 724059 OIM 5(01 0 0 0 0 0 0 , LED
OOOOE644 SREG
0000E6i4ii 4F CLRA
0000E 645 974C STAA CUMBIN
OOOOE647 974D STAA CUMBIN+1
0000E 649 97 CC STAA CUMDOSE
OOOOE64B 97CD STAA CUMD0SE+1
0000E64D 97 CE STAA CUMDOSE+2
OOOOE64F 97 CF STAA CUMTIME
OOOOE651 97 DO STAA CUMTIME+1
OOOOE653 97D1 STAA CUMTIME+2
0000E 655 975A STAA MAXBIN
0000E 657 975B STAA MAXBIN+1
0000E 659 9766 STAA RUNBIN
0000E 65B 9767 STAA RUNBIN+1
0000E65D 97 6 8 STAA RUNBIN+2
0000E 65F 4C INCA
0000E 660 976A STAA ACMODE
0000E 662 8608 LDAA #$8
0000E 664 9747 STAA ACTYPE
0000E 666 9769 STAA TOTALCNT
C-000 E66 8 9615 ADWAIT3 LDAA P0RT5
( 0 5 2 5 )  7 1 7 1  ^8
P a g e :  3 2
i
C 56
8 META ASSEMBLER 3 . 4 0  A (C )  1 9 8 6  A n d y  G r e e n /C R A S H  BARRIER








0 0 00E 678
OOOOE67B
OOOOE67D





















































































0 0 0 0 E6C7 7 POO41 


































































* 0 0 0 0 1 1 1 1 ,LED 
SREG





















AD WAIT 4 
ADRD 
#$7F 







( 0 5 2 5 )  7 1 7 1 4 8
P a g e :  3 3
i
C 57
7 META ASSEMBLER 3 . 40A ( C )  1 9 8 6  Andy G re e n /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1  4 8





10  META ASSEMBLER 3 . 40A  ( C )  1 9 8 6  A ndy G re e n /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1 4 8
A .D ISPLA Y  CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  3 5
A.DISPLAY MODULE
0000E6CD 5F CLRB
0000E6CE 9672 LDAA LEDS ON F
0000E6D 0 2702 BEQ NLEDS
0000  E6D2 D659 LDAB LEDS REG
OOOOE6D4 D736 NLEDS STAB LEDS
0000  E6D6 7B0171 TIM $01 , LCDNOUP
OOOOE6D9 2603 BNE NOUP
0000  E6DB 7EE7A7
NOUP
JMP NONOUP
00 0 0  E6DE DC60 LDD RAMPNTR
0000E 6E0 830140 SUBD #RAMSTRT
0000  E6E3 DD5E STD MOB IN
00 0 0  E6E5 A.BCDCONV NOBIN; NOB CD
A.BCDCONV MACRO BINVAL;BCDVAL
; m a c ro  t o  c o n v e r t  v a l u e s  s t o r e d  in  p a r a m e te r  BINVAL
t o  bed  v a l u e s  i n  p a r a m e te r  BCDVAL....................b e d  d i g i t s  4 +
5 a r e  a l s o  p l a c e d  in  BCDOVF................. BINVAL & BCDVAL 1 6 - b i
t  r e g i s t e r s  (CCR' c o n t e n t s  d e s t r o y e d )
0000E 6E5 3 6  PSHA
OOOOE6E6 4F CLRA
0 0 0 0 E6E7 9 7 C3 STAA
; u n i t s
OOOOE6E9 9 6 5 F LDAA
0 0 0 0 E6EB 840 F ANDA
0000E6ED  81 OA CMPA
0000E 6E F  2502  BCS
0000  E6F1 8 BO 6 ADDA
0 0 0 0 E6F3 97C2 LOSTR STAA
; m u l t i p i e s  o f  16 
0 0 0 0 E6F5 D65F LDAB
0 0 0 0 E6F7 C4F0 AMDS
0 0 0 0 E6F9 54 LSHB
0000  E6 FA 54 LSRB
0 0 0 0 E6FB 54 LSRB
0000E 6FC  CEF15D LOMIDST LDX 
0000E 6F F  3 A ABX
0000E 700  ECOO LDD
0 000E 702  36 PSHA
0000E 703  17 TBA
0000E 704 33 PIJLB
0 000E 705  9BC2 ADDA
OOOOE707 19 DAA
0 0 0 0 E 708 9 7 C2 STAA
0000E 70A  36 PSHA
0000  E70B 17 TBA
0000E 70C  33 PULB
0 0 0 0 E70D 8900  ADCA
0 0 0 0 E70F 19 DAA
0000  E710  97 C1 STAA
; m u l t i p l e s  o f  256 
0 0 0 0 E712 D65E LDAB
0 0 0 0 E71 4 C40F ANDB
0000E71 6 5 8  ASL3
0 00 0 E 7 1 7  CEF17D HIMIDST LDX 
0000E71 A 3A ABX


















11 META ASSEMBLER 3 .  ilOA ( C )  1 9 8 6  A ndy G r e e n /C R A S H  BARRIER
A.BCDCONV CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
( 0 5 2 5 )  71 71 '48
P a g e :  3 6
0000E 71B  ECOO LDD 0 ,X
0000E71D  36 PSHA
0000E 71E  17 TBA
0000E71 F 33 PULB
0 000E 720  9BC2 ADDA N03CD+1
0 000E 722  19 DA A
0000E 723  97C2 STAA NOBCD+1
0 000E 725  36 PSHA
0000E 726  17 TBA
0 0 00E 727  33 PULB
000 0 E 7 2 8  99C1 ADCA NOB CD
0000E72A  19 ' DA A
0000E 72B  97C1 STAA NOB CD
; m u l t i p l e s  o f  4096 (4  d i g  o n l y )
0000E 72D  D65E LDAB NOBIN
0000E 72F  C4F0 ANDB #$ FO
OOOOE731 54 LSRB
0000E 732  54 LSRB
OOOOE733 54 LSRB
OOOOE734 CEF19D H IST LDX #BCDTAB3
0 000E 737  3A ABX
OOOOE738 ECOO LDD 0 ,X
OOOOF.73A 36 PSHA
0000E 73B  17 TBA
0000E 73C  33 PULB
0000E 73D  9BC2 ADDA NOBCD+1
0 0 0 0  E73F 19 DA A
0 0 00E 740  97C2 STAA NOBCD+1
0000E 742  36 PSHA
OOOOE743 1 7 TBA
OOOOE744 33 PULB
0 000E 745  99C1 ADCA NOB CD
0 0 0 0 E747 19 DAA
0 0 0 0 E748 9 7 C1 STAA NOB CD
0000E 74A  96C3 LDAA BCDOVF
0000E 74C  8900 ADCA #$00
OOOOE74E 97C3 STAA BCDOVF
jo t 'n e r  d i g  o f  4096 m u l t i p l e
0000E 750  D65E LDAB NOBIN
0000E 752  C4F0 ANDB #$P0
0000E 754  54 LSRB
0000E 755  54 LSRB
0 000E 756  54 LSRB
OOOOE757 54 LSRB
000 0 E 7 5 8  CEF1BD LDX #BCDTAB4
0000E 75B  3A ABX
0000E 75C  A600 LDAA 0 ,X
0000E 75E  9BC3 ADDA BCDOVF
0 0 0 0 E760 19 DAA
0000E 761 97C3 STAA BCDOVF
OOOOE763 32 PULA
# # # * * * # * # # # # #
OOO0E764 MEND
0000E 764 9603 LDAA PORT2
OOOOE766 8402 ANDA # * 0 0 0 0 0 0 1 0
0 0 0 0 E768 2603 BNE PGCORR
OOOOE76A 7EE782 JMP NPGCORR
C 60

1 0  META ASSEMBLER S.'IOA ( C )  1 9 8 6  A ndy G re en /C R A S H  BARRIER
A. DISPLAY CRL 2 . 3 6  SHORT L e q  DATA ACQUISITION UNIT
( 0 5 2 5 )  71 71 ^8
P a g e :  3 7
OOOOE76D 96C2 PGCORR LDAA NOBCD+1
;ADD RAMEND-RAMSTRT
0 0 0 0 E76 F 9BE5 ADDA MEMLBCD+2
OOOOE771 19 DAA
0000E 772  97C2 STAA NOBCD+1
OOOOE774 96C1 LDAA NOBCD
OOOOE776 99E4 ADCA MEMLBCD+1
0 0 0 0 E 7 7 8  19 DAA
0 000E 779  97C1 STAA NOBCD
0000E 77B  96C3 LDAA BCDOVF
0000  E77D 99E3 ADCA ME MLB CD
0 0 0 0 E 7 7 F  19 DAA
0 0 0 0 E780 97C3
NPGCORR
STAA BCDOVF
0 0 0 0 E 7 82 9670 LDAA NOTYPE
0000E781} 270B BEQ PAGEUP
0 000E 786  96C1 LDAA NOBCD
OOOOE788 81J0F ANDA //$0F
0000E 78A  8AD0 ORA A #$D0




OOOOE791 96C3 LDAA BCDOVF
OOOOE793 D6C1 LDAB NOBCD
0 000E 795  04 LSRD
OOOOE796 04 LSRD
0 0 0 0 E797 Oil LSRD
0 000E 798  014 LSRD
0000E 79S  8AE0 ORAA #$E0
OOOOE79B DDC1 STD NOBCD
0000E 79D  DCC1 DONOUP LDD NOBCD
OOOOE79F DDilil STD LCDWORD





0000E7A 7 7D006D TST LCDMAXUP




0 0 0 0 E7AF DC5A LDD MAXBIN
0 0 0 0  E7B1 2705 BEQ ZERMAX
0 0 0 0 E7B3 7F006B CLR DBLANKF
OOOOE7B6 20014 BRA NZMAX
0 0 0 0 E7B8 8601 ZERMAX LDAA 01
0000E7BA 976E STAA DBLANKF
0000E7BC NZMAX A.BCDCONV MAXBIN;MAXBCD
A.BCDCONV MACRO BINVAL jBCDVAL
jriiac ro  t o  c o n v e r t  v a l u e s  s t o r e d  i n  p a r a m e te r  BINVAL
t o  bed  v a l u e s  i n  p a r a m e te r  BCDVAL....................b e d  d i g i t s  4+
5 a r e  a l s o  p l a c e d  i n  BCDOVF   .BINVAL & ' BCDVAL 1 6 - b i
t  r e g i s t e r s  (CCR c o n t e n t s  d e s t r o y e d )
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
0000E7BC 36 PSHA te m p  s t o r e  a c c u m u l a t o r  A
0000E7B.D IJF CLRA
0000E7BE 97C3 STAA BCDOVF
; u n i t s
C 61
1 2  META ASSEMBLER 3 - 4 0 A  ( C )  1 9 8 6  An dy  G r e e n / C R A S H  BARRIER
A.BCDCONV CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
0 0 0 0 E7CO 965B LDAA MAXBIN+1
0000E7C 2 840F ANDA #$0F
0000  E7C4 81 OA CMPA #$0A
0000E 7C 6 2502 BCS LOSTR
0000E7C 8 8B06 ADDA #$06
0000E7CA 975D LOSTR STAA 
; m u l t i p l e s  o f  16
MAXBCD+1
0000E7CC D65B LDAB MAXBIN+1
0 0 0 0  E7CE C4F0 ANDB #$F0
0000E7D 0 54 LSRB
0000E7D1 54 LSRB
0000E7D 2 54 LSRB
0000E7D 3 CEF15D LOMIDST LDX #BCDTAB1
0000E7D 6 3A ABX
OOOOE7D7 ECOO LDD 0 ,X
0000E 7D 9 36 PSHA
00 0 0  E7 DA 17 TBA
0000E7DB 33 PULB
0 0 0 0 E7DC 9B5D ADDA MAXBCD+1
0000E7DE 19 DAA
0 0 0 0 E7DF 9 7 5 D STAA MAXBCD+1
0000E7E1 36 PSHA
0000  E7E2 17 TBA
0 0 0 0 E7E3 33 PULB
OOOOE7E4 8900 ADCA #$00
0000E 7E 6 19 DAA
0000E 7E7 975C STAA
{ m u l t i p l e s  o f  256
MAXBCD
0000E 7E9 D65A LDAB MAXBIN
0 0 0 0 E7EB C40F ANDB #$0F
0000E7ED  58 AS LB
0 0 0 0 E7EE CEF17D HI MIDST LDX #BCDTAB2
0000E7F1 3 A ABX
0 0 0 0 E7F2 ECOO LDD 0 ,X
OOOOE7F4 36 PSHA
0000  E7F5 17 TBA
0000E 7F6 33 PULB
0 0 0 0 E7F7 9B5D ADDA MAXBCD+1
00 0 0  E7F9 19 DAA
0000E7FA  9 7 5 D STAA MAXBCD+1
0000E7FC  36 PSHA
0000E7FD  17 TBA
0000E 7FE  33 PULB
0000E 7F F  995C ADCA MAXBCD
0000E801 19 DAA
0 0 0 0 E802 9 7 5 C STAA MAXBCD
{ m u l t i p l e s  o f  4096 (4  d i g  o n l y )
0000E 804  D65A LDAB MAXBIN
0000E 806  C4F0 ANDB #$F0
0 0 0 0 E 8 0 8  54 LSRB
0000E 809  54 LSRB
0000E 80A  54 LSRB
0000E 80B  CEF19D H IST LDX #BCDTAB3
0000E 80E  3A ABX
0 000E 80F  ECOO LDD 0 ,X
0000E811 36 PSHA
0000E 812  17 TBA
OOOOE813 33 PULB
OOOOE814 9B5D ADDA MAXBCD+1
( 0 5 2 5 )  71 71 4 8
P a g e :  3 8
i
C 62
1 2  META ASSEMBLER 3 . 4 0 A  (C)  1 9 8 6  An d y  G r e e n / C R A S H  BARRIER
A.BCDCONV CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
( 0 5 2 5 )  71 71 4 8
P a g e :  3 9
0 000E 816  19 DAA
0000E 817  975D STAA MAXBCD+1
00 00E 819  36 PSHA
0000E81A  17 TBA
OOOOE81B 33 PULB
0000E81C  995C ADCA MAXBCD
0000E 81E  19 DAA
0000E81 F 975C STAA MAXBCD
0000E821 96C3 LDAA BCDOVF
00 00E 823  8900 ADCA #$00
0000E 825  97C3 STAA. BCDOVF
; o t h e r  d i g  o f  4096 m u l t i p l e
0000E 827  D65A LDAB MAXBIN
0000  E82 9 C4F0 ANDB #$F0
0000E 82B  54 LSRB
0000E82C  54 LSRB
0000E 82D  54 LSRB
OOOOE82E 54 LSRB
0000 E 8 2 F  CEF1BD LDX #BCDTAB4
0000E 832  3A ABX
OOOOE833 A600 LDAA 0 ,X
0000E 835  9BC3 ADDA BCDOVF
0000E 837  19 DAA
000 0 E 8 3 8  97C3 STAA BCDOVF
0000E 83A  32 PULA
X * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
OOOOE83B MEND
0000E 83B  DC5C LDD MAXBCD
0 0 0 0 E83D DD44 STD LCDWORD
0000  E83F 7EE8E9
NMAXUP
JMP DOLCD
0000E 842  7D006E TST LCDCUMUP
000 0 E 8 4 5  2603 BNE DOCUMUP
0 000E 847  7EE8DD
DOCUMUP
JMP NCUMUP
0 0 0 0 E84A DC4C LDD CUMBIN
OOOOE84C 2705 BEQ ZERCUM
OOOOE84E 7F006B CLR DBLANKF
0000E851 2004 BRA NZERCUM
0000E 853  8601 ZERCUM LDAA #$01
0000E 855  976B STAA DBLANKF
0000E 857 NZERCUM A.BCDCONV CUMBIN;CUMBCD
A.BCDCONV MACRO BINVAL ;BCDVAL
jitia c ro  t o  c o n v e r t  v a l u e s  s t o r e d  i n  p a r a m e te r  BINVAL
t o  b ed  v a l u e s  i n  p a r a m e te r  BCDVAL....................b e d  d i g i t s  4+
5 a r e  a l s o  p la c e d  i n  BCD O VF.. .BINVAL & BCDVAL 1 6 - b i
t  r e g i s t e r s  (CCR c o n t e n t s  d e s t r o y e d )
******
te m p  s t o r e  a c c u m u l a t o r  A
BCDOVF
CUMBIN+1 
#$  OF 
#$ OA
C 63
0 000E 857  36 
0000E 858  4F 
OOOOE859 97C3
0000E85B  964D 
0000E 85D  840F  
0000E 85F  81 OA







1 3  META ASSEMBLER 3 . 4 0 A  (C)  1 9 8 6  An d y  G r e e n / C R A S H  BARRIER
A.BCDCONV CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
0000E861 2502 BCS LOSTR
0000E 863  8B06 ADDA #$06
0 000E 865  974F LOSTR STAA 
{ m u l t i p l e s  o f  16
CUMBCD+1
OOOOE867 D64D LDAB CUMBIN+1
0000E 869  C4F0 ANDB #$F0
0000E 86B  54 LSRB
0000E 86C  54 LSRB
0000E 86D  54 LSRB
0000E 86E  CEF15D LOMIDST LDX #BCDTAB1
0000E 871 3A ABX
0000E 872  ECOO LDD 0 ,X
OOOOE874 36 PSHA
0000E 875  1 7 TBA
OOOOE876 33 PULB
0 000E 877  9B4F ADDA CUMBCD+1
0 00 0 E 8 7 9  19 DAA
0000E87A  9 7 4 F STAA CUMBCD+1
0000E 87C  36 PSHA
OOOOE87D 17 TBA
OOOOE87E 33 PULB
0000 E 8 7 F  8900 ADCA #$00
0000E 881 19 DAA
0000E 882  9 7 4 E STAA
; m u l t i p l e s  o f  256
CUMBCD
0000E 884 D64C LDAB CUMBIN
OOOOE886 C40F ANDB #$0F
0000E 888  5 8 AS LB
0 000E 689  CEF17D HIMIDST. LDX #BCDTA32
0000E 88C  3A ABX
0000E88D  ECOO LDD 0 |X
0 0 0 0 E88F 36 PSHA
0000E 890  17 TBA
OOOOE891 33 PULB
0 0 0 0 E892 9B4F ADDA CUMBCD+1
OOOOE894 19 DAA
0 0 0 0 E895 9 7 4 F STAA CUMBCD+1
000 0 E 8 9 7  36 PSHA
0 000E 898  17 TBA
OOOOE899 33 PULB
0000E 89A  994E ADCA CUMBCD
OOOOE89C 19 DAA
0000E89D  9 7 4 E STAA CUMBCD
{ m u l t i p l e s  o f  4096 (4  d i g  o n l ;
0 0 0 0 E89F D64C LDAB CUMBIN
0 0 0 0  E8A1 C4F0 ANDB #$F0
OOOOE8A3 54 LSRB
OOOOE8A4 54 LSRB
0 0 0 0 E8A5 54 LSRB
OOOOE8A6 CEF19D H IST LDX #BCDTAB3
0000E8A 9 3A ABX




0000E8A F 9B4F ADDA CUMBCD+1
0000E8B1 19 DAA
0000E8B2 9 7 4 F STAA CUMBCD+1
C000E8B4 36 PSHA
( 0 5 2 5 )  7 1 7 1 ^ 8
P a g e :  4 0
i
C 64
13  META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  Andy G r e e n / C R A S H  BARRIER
A.BCDCONV CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
( 0 5 2 5 )  71 71 *18
P a g e :  41
0000  E8B5 17 TBA
0000E8B 6 33 PULB
0000E8B 7 994E ADCA CUMBCD
OOOOE8B9 19 DAA
0000E8BA 974E STAA CUMBCD
0000E8BC 96C3 LDAA BCDOVF
0000E8BE 8900 ADCA #$00
0000E 8C 0 97C3 STAA BCDOVF
; o t h e r  d i g  o f  4096 m u l t i p l e
0000E8C 2 D64C LDAB CUMBIN
OOOOE8C4 C4F0 ANDB #$F0
0000E 8C 6 54 LSRB
OOOOE8C7 54 LSRB
0000E 8C 8 54 LSRB
OOOOE8C9 54 LSRB
0000E8CA CEF1BD LDX #BCDTAI
0000E8CD 3A ABX
0000E8CE A600 LDAA o , x
0000E8D 0 9BC3 ADDA BCDOVF
00 0 0  E8D2 19 DAA
0 0 0 0 E8D3 9 7 C3 STAA BCDOVF
0000E8D 5 32 PULA
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
0000E8D6 MEND
0000  E8D6 DC4E LDD CUMBCD
0 0 0 0 E8D8 DD44 STD LCDWORD
0000  E8 DA 7EE8E9
NCUMUP
JMP DOLCD
0000E8DD 7D 006F TST LCDLEQUP
0000E 8E 0 2603 BNE DOLEQUP
0 0 0 0 E8E2 7EE8E9
DOLEQUP
JMP NLEQUP
0 0 0 0 E8E5 DCC8 LDD RUNBCD
0000E 8E 7 DD44 STD LCDWORD
NLEQUP
DOLCD
0000E 8E 9 A.LCDISP o u t p u t  v a l u e  t o  d i s p l a y
A.LCDISP MACRO
;rtiac ro  t o  o u t p u t  v a l u e s  s t o r e d  i n  p a r a m e te r  LCDWORD
t o  l o c a t i o n s  LCDIG.LCDIG+1,LCDIG+2,LCDIG+3 (CCR c o n t ­
e n t s  d e s t r o y e d )
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *






0000E8EA  9655 
0000E8EC  2747  
0 0 0 0 E8EE 9 6 D7 
0000E 8F 0 27 2 7  
















tem p  s t o r e  a c c u m u la to r  A
C 65

1 4  META ASSEMBLER 3 . 4 0 A (C)  1 9 8 6  An d y  G r e e n / C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1 4 8
A. LCDISP CRL» 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  4 2
OOOOE8F8 
0000  E8F8 
0000E8FA  
0 0 0 0 E8FC 
0000E 8FF  
0000E901 
0000E 903  
0000E 905  
0000E 907  
0000E90A  
0000E90C  




0 0 0 0 E 9 1 7
OOOOE919 
0000E91 A 
0000E 91C  
0000E91 D 
0000E91 F 
0000E 922  
0000E 922  
0000E 924  
0000E 927  
0000E 927  
0 000E 929  
0000E92A  
0000E 92C  







































































0000E 955  9644 
0000E 957  9733 
OOOOE959 
0000E 959  44 
0000E95A  44 















































































$ 0 1 ,LCDNOUP
NLEDZER

















s u p p r e s s  l e a d i n g  z e r o
l o a d  h ig h  b y te  t o  accum u  
l a t o r  A
o u t p u t  lo w  n i b b l e  o f  h i g  
h  b y te
s h u f f l e  a c c u m u la to r
C 6 6
1 4  META ASSEMBLER 3 . 4 0 A ( C )  1 9 8 6  Andy G r e e n / C R A S H  BARRIER
A. LCDISP CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
( 0 5 2 5 )  7 1 7 1  48
P a g e :  43
0000E 95C  44 LSRA
OOOOE95D 9732 STAA LCDIG o u t p u t  h ig h  n i b b l e o f  h i g
0000E 95F h  b y te
0 000E 95F  9645 LDAA LCDWORD+1 l o a d  lo w  b y te  t o  a c c u m u l
OOOOE961 a t o r  A
0000E961 9735 STAA LCDIG+3 o u t p u t  lo w  n i b b l e  o f  lo w
OOOOE963 b y te




OOOOE967 9734 STAA LCDIG+2 o u t p u t  h ig h  n i b b l e  o f  l o
OOOOE969 w b y te
NUPDATE
OOOOE969 32 PULA r e s t o r e  a c c u m u la to r  A
OOOOE96A MEND
OOOOE96A MEND
OOOOE96A 7EE1BF JMP MLOOP
x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
NMI
OOOOE96D 9FDE STS STAKPTR
OOOOE96F 9603 LDAA P0RT2
0000E971 9 7 D9 STAA P2BACK
OOOOE973 728014 OIM 0 0 0 0 0 0 0 ,RAM
OOOOE976 PORT 5
0000E 976  71BF14 AIM * 1 0 1 1 1 1 1 1 , RAM
OOOOE979 P0RT5
OOOOE979 86FF LDAA #$FF
OOOOE97B C6FF SELF1 LDAB //$FF
OOOOE97D 5A SELF2 DECB
OOOOE97E 26FD BNE SELF2
0 0 0 0 E 9 8 0  4A DEC A






OOOOE983 OE CL I
OOOOE984 3B RTI
0000E 985 MEND
OOOOE985 A. TIMINT t i m e r  i n t e r r u p t  s e r v i c e
0 0 0 0 E985 r o u t i n e s
C 67
1 5  META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  And y G r e e n / C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1  4 8
A.TIMINT CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  4 4
A.TIMINT MODULE 
# x # # x * # x # x # x x x # * x # x x # * x # # x x # # # # x
; t i m e r  i n t e r u p t  r o u t i n e s  TOI
0000E 985  9646 LDA TFLAG
0 0 00E 987  27 0 F BEQ PHASE2
OOOOE989 7 1 0 0 4 6 AIM 0 , TFLAG
0000E 98C  8600 LDAA #ADPSU
OOOOE98E 9737 STAA ADLOAD
0000E 990  9731 STAA ADST
0000E 992  9608 LDAA TCSR1
OOOOE994 9609 LDAA FRC
OOOOE996 OE CL I
OOOOE997 3B RTI
OOOOE998 7201 46 PHASE2 OIM 1 , TFLAG
9 #$4B 2F
OOOOE99B CC4B2F LDD #$4B 2F
OOOOE99E DD09 STD FRC
0000E9A 0 9630 LDAA ADRD
0000E9A 2 8153 CMPA #83
OOOOE9A4
OOOOE9A4 2305 BLS BATTLOW
OOOOE9A6 71DFD7 AIM 5611011111, ERR
0 0 0 0 E9A9 STAT
OOOOE9A9 2007 BRA DOCONV
0000E9AB 8601 BATTLOW LDAA #$1
0000E9AD 9755 STAA ERRFLAG
0000E 9A F 7220D7 OIM 56001 0 0 0 0 0 , ERR
0000E9B2 STAT
0000E9B 2 9615 DOCONV LDAA P0RT5
0 0 0 0 E9B4 8470 ANDA #5601110000
OOOOE9B6 9750 STAA DATA
0000E9B8 8602 ADSTRT LDAA #ADLEQ
0 0 0 0 E9BA 9737 STAA ADLOAD
0000E9BC 9731 STAA ADST
0000E9BE 9615 ADWAIT LDAA P0RT5
0 0 0 0 E9CO 8402 ANDA #560000001 0
0000E 9C 2 26FA BNE ADWAIT
OOOOE9C4 9630 ADMISS LDAA ADRD
OOOOE9C6 9751 STAA DATA+1
OOOOE9C8 961 5 LDAA P0RT5
0000E9CA 8470 ANDA #5601 1 10000
0000E9CC 9150 CMPA DATA
0000E9CE 2709 BEQ NOCHNGE
0000E9D 0 9750 STAA DATA
0000E9D 2 C603 LDAB #$03
OOOOE9D4 5A TDEL1 DECB
0000E9D 5 26FD BNE TDEL1
0000E9D 7 20DF BRA ADSTRT
0000  E9D9 961 5 NOCHNGE LDAA PORT 5
0000E9DB 8480 ANDA #5610000000
0000E9DD 270A BEQ NOLOAD
0000E9D F 9AD7 ORAA ERRSTAT
0000  E9E1 97 D7 STAA ERRSTAT
OOOOE9E3 8601 LDAA #$01
OOOOE9E5 9755 STAA ERRFLAG
OOOOE9E7 2003 BRA INTRES
OOOOE9E9 717FD7 NOLOAD AIM 5601 1 1 1 1 1 1 , ERR
i
1 RESISTORS 8 3 - 4 .
C 6 8
1 5 META ASSEMBLER. 3 . 4 0 A  (C)  1 9 8 6  A n d y  G r e e n / C R A S H  BARRIER ( 0 5 2 5 )  71 7 1  4 8
A.TIMINT CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  4 5
0000E9EC STAT
0 0 0 0 E9EC 7 2 4 0 0 3 INTRES OIM $ 0 1 0 0 0 0 0 0 ,POR
0000E 9E F T2
0000E 9E F 71 BF03 AIM * 1 0 1 1 1 1 1 1 t POR
0000E 9F2 T2
0000  E9F2 8601 LDAA # ADLINA
OOOOE9F4 9737 STAA ADLOAD
OOOOE9F6 9731 STAA ADST
OOOOE9F8 D650 LDAB DATA
0 0 0 0 E9FA 54 LSRB
0000  E9FB 54 LSRB
0000E 9FC 54 LSRB
0000E9FD CEF1 4D LDX 0INTOF
0000EA 00 3A ABX
0000EA01 ECOO LDD 0 ,X
0000EA03 DB51 ADDB DATA+1
0000EA 05 2401 BCC NDATOVF
0000EA 07 4C INCA
0 0 0 0 EAO8 18 NDATOVF XGDX
0000EA09 9603 LDAA P0RT2
0000EA0B 8420 ANDA #* 0 0 1 0 0 0 0 0
0000EA0D 2603 BNE NGCOMP
0000EA0F C6C9 LDAB #$C9
0000E A 11 3A
NGCOMP
ABX
0000EA1 2 7D00C7 TST CALFLG
0000EA1 5 2.705 BEQ TSTAUTO





0000EA1 C 7B 2003 TIM $ 0 0 1 0 0 0 0 0 ,POR
0000EA1 F T2
0000EA1 F 2 70 A BEQ LOGAIN
0000EA21 8C 0467 CPX #SCALOF+950
0 0 0 0 EA24 2D0D BLT RUNTST
0000EA26 71 DF03 AIM $ 1 1 0 1 1 1 1 1 , POR
0000EA 29 T 2 ................
0000EA 29 2008 BRA RUNTST
0000EA2B 8C01 AB LOGAIM CPX #SCAL0F+250
0000EA2E 2203 BHI RUNTST





OOOOEA34 93 D5 SUBD CALOFF
OOOOEA36 18 XGDX
OOOOEA37 DF50 STX DATA
OOOOEA39 7D006A TST ACMODE




0000EA41 DF66 STX RUNBIN
OOOOEA43 7F006B CLR DBLANKF
0 0 0 0 EA46 A.BCDCONV RUNBIN; RUNBCD
A.BCDCONV MACRO BINVAL jBCDVAL
jm a o ro  t o  c o n v e r t  v a l u e s  s t o r e d  i n  p a r a m e te r  BINVAL
t o  bed  v a l u e s  i n  p a r a m e te r  BCDVAL....................b e d  d i g i t s  4+
5 a r e  a l s o  p la c e d  i n  BCDOVF   B IN V A L& ' BCDVAL 1 6 - b i
C 6 9
1 6  META ASSEMBLER 3 . 4 0 A  (C)  1 9 8 6  An d y  G r e e n / C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1 4 8
A.BCDCONV CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  4 6
t  r e g i s t e r s (CCR c o n t e n t s  d e s t r o y e d )
x # # # # x x x * x x x x x x x x x x # x x x # * x x # x x x x
OOOOEA46 36 PSHA
OOOOEA47 4F CLRA
0 0 0 0 EA48 9 7 C3 STAA
; u n i t s
BCDOVF
0000EA4A 9667 LDAA RUNBIN+1
0000EA4C 840F ANDA H OF
0000EA4E 81 OA CMPA #$0A
0000EA 50 2502 BCS LOSTR
0000EA52 8 BO6 ADDA me
OOOOEA54 97C9 LOSTR STAA 
; m u l t i p l e s  o f  16
RUNBCD+1
OOOOEA56 D667 LDAB RUNBIN+1




0000EA5D CEF15D LOMIDST LDX //BCDTAB1
0000EA 60 3A ABX
0000EA61 ECOO LDD 0 ,X
OOOOEA63 36 PSHA
OOOOEA64 17 TBA
0000EA 65 33 PULB
OOOOEA66 9BC9 ADDA RUNBCD+1
0000EA 68 19 DAA
OOOOEA69 97C9 STAA RUNBCD+1
0000EA6B 36 PSHA
0000EA6C 17 TBA
0 0 0 0 EA6D 33 PULB
0000EA6E 8900 ADCA H oo
0000EA 70 19 DAA
0 0 0 0 EA71 9 7 C8 STAA
; m u l t i p l e s  o f  256
RUNBCD
0000EA 73 D666 LDAB RUNBIN
0000EA 75 C40F ANDB #$0F
0000EA77 58 AS LB
OOOOEA78 CEF17D HIMIDST LDX //BCDTAB2
0000EA7B 3A ABX
0000EA7C ECOO LDD 0 ,X
0000EA7E 36 PSHA
0000EA 7F 17 TBA
0000EA 80 33 PULB
0000EA81 9BC9 ADDA RUNBCD+1
OOOOEA83 19 DAA
OOOOEA84 97C9 STAA RUNBCD+1
0000EA 86 36 PSHA
0000  EA87 17 TBA
0000EA 88 33 ' PULB
0000EA 89 99C8 ADCA RUNBCD
0000EA8B 19 DAA
0000EA8C 97C8 STAA RUNBCD
{ m u l t i p l e s  o f  4096 (4  d i g  o n l y )
0000EA8E D666 LDAB RUNBIN
0 0 0 0 EA90 C4 FO ANDB #$F0
0000EA 92 54 LSRB
OOOOEA93 54 LSRB
te m p  s t o r e  a c c u m u la to r  A
C 70
1 6  META ASSEMBLER 3 - 4 0 A  ( C )  1 9 8 6  Andy  G r e e n / C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1 ^ 8
A.BCDCONV CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  4 7
OOOOEA94 54 LSRB
OOOOEA95 CEF19D H IST LDX #BCDTAB3
0000EA 98 3A ABX
OOOOEA99 ECOO LDD 0 ,X
0000EA9B 36 PS HA
0000EA9C 17 TBA
0000EA9D 33 PULB
0000EA9E 9BC9 ADDA RUNBCD+1
0000EAA0 19 DAA
0000EAA1 97 C9 STAA RUNBCD+1
0000EAA3 36 PS HA
0 0 0 0 EAA4 17 TBA
0000EAA5 33 PULB
0000EAA6 99C8 ADCA RUNBCD
0000EAA8 19 DAA
0000EAA9 97 C8 STAA RUNBCD
OOOOEAAB 96C3 LDAA BCDOVF
OOOOEAAD 8900 ADCA #$00
OOOOEAAF 97C3 STAA BCDOVF
; o t h e r  d i g  o f  4096 m u l t i p l e
0000EAB1 D666 LDAB R UNBIN
0000EAB3 C4F0 ANDB #$F0
0000EAB5 54 LSRB
0000EAB6 54 LSRB
0 0 0 0 EAB7 54 LSRB
0000EAB8 54 LSRB
0000EAB9 CEF1BD LDX #BCDTAB4
OOOOEABC 3A ABX
0 0 0 0 EABD A600 LDAA 0 ,X
OOOOEABF 9BC3 ADDA BCDOVF
0 0 0 0 EAC1 19 DAA




0000EAC5 728003 01 M ? 1 0 0 0 0 0 0 0
0000EAC8 T2
0000EAC8 9608 LDAA TCSR1
OOOOEACA 9609 LDAA FRC
OOOOEACC OE . CL I
0 0 0 0 EACD 3B RTI
RUNNING
OOOOEACE 9C5A CPX MAXBIN




0000EAD4 9669 LDAA TOTALCNT
0000EAD6 9147 CMPA ACTYPE
0000EAD8 2 6 0 9 BNE NRUNCLR
OOOOEADA 7F 0066 CLR RUNBIN
OOOOEADD 7F 0067 CLR RUNBIN+1




1 5  META ASSEMBLER 3 . 4 0  A ( C )  1 9 8 6  An dy  G r e e n / C R A S H  BARRIER
A. TIMINT CRL 2 . 3 6  SHORT L e q  DATA ACQUISITION UNIT
( 0 5 2 5 )  71 71 ^8
P a g e :  4 8
; l o g  a d d  d a t a  t o  c u m u l a t i v e  d o s e
0000EAE3 DECC LDX CUMDOSE
0000EAE5 9C50 CPX DATA
0 0 0 0 EAE7 251 E BCS BIGDAT1
0000EAE9 18 XGDX
0000EAEA 9350 SUBD DATA
0000EAEC 8101 CMPA #$01
OOOOEAEE 2304 BLS SMDATA1
OOOOEAFO 8601 LDAA #$01
0000EAF2 C6FF LDAB #$FF
0000EAF4 05 SMDATA1 ASLD
0000EAF5 C3F1 ED ADDD #L0GTAB1
0000EA F8 18 XGDX
0000EAF9 ECOO LDD 0 ,X
OOOOEAFB D3CD ADDD CUMDQSE+1
0 0 0 0 EAFD DDCD STD CUMD03E+1
OOOOEAFF 96CC LDAA CUMDOSE
0000EB01 8900 ADCA #$00
0000EB 03 97 CC STAA CUMDOSE
0000E B 05 2 0 2 3 BRA CUMCNEND
0 0 0 0 EB07 DC50 BIGDAT1 LDD DATA
0000E B 09 93CC SUBD CUMDOSE
OOOOEBOB DDCA STD DATADIF
0 0 0 0 EBOD 2304 BLS SMCUM
OOOOEBOF 8601 LDAA #$01
0000E B 11 C6FF LDAB #$FF
0000EB 13 05 SMCUM ASLD
0000E B 14 C3F1ED ADDD #L0GTAB1
0 0 0 0 EB17 18 XGDX
0 0 0 0 EB18 ECOO LDD 0 ,X
00 0 0  EB1 A D3CD ADDD CUMDOSE+1
0000EB1C DDCD STD CUMDOSE+1
0000EB1 E 96CC LDAA CUMDOSE
0 0 0 0 EB20 8900 ADCA #$00
0 0 0 0 EB22 97CC STAA CUMDOSE
0 0 0 0 EB24 DCCC LDD CUMDOSE
0000EB26 D3CA ADDD DATADIF
000 0 E 3 2 8 DDCC
CUMCNEND
STD CUMDOSE
X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X J
; i n c r e m e n t c u m u l a t i v e  t im e
0000EB2A DCDO LDD c u m tim e+1
0000EB2C C3.0001 ADDD #$01
0000  EB2F DDDO STD CUMTIMS+1
000QEB31 DCCF LDD CUMTIME
OOOOEB33 8900 ADCA #$00
OOOOEB35 97 CF STAA CUMTIME
; l o g  c o n v e r t  c u m u la t iv e  t im e
0000EB37 DCCF LDD CUMTIME
0 0 0 0 EB39 4D TSTA
0000EB3A 272B BEQ NTHHEEB
0000EB3C 7F00BF CLR ROTCNT
0000  EB3F 7 COOBF NXTR0T1 INC ROTCNT.
0000EB42 05 ASLD
OOOOEB43 24FA BCC NXTR0T1
0 0 0 0 EB45 04 LSRD
OOOOEB46 8A80 ORAA #% 1000000C
0 0 0 0 EB48 7A00BF DEC ROTCNT
d i f f e r e n c e  * 2 5 5
C 72
1 5  META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  Andy G r e e n / C R A S H  BARRIER
A.TIMINT CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
0000EB4B 16 TAB
0 0 0 0 EB^C COSO SUBB #$80
0000EB4E 58 AS LB
0000E B 4F CEF5ED LDX #L0GTAB2
0000E B 52 3A ABX
OOOOEB53 ECOO LDD 0,X
0 0 0 0 EB55 DDD3 STD LOGTIME+1
0 000  EB5 7 CEF6ED LDX #ROTOFF •
0000EB5A D6BF LDAB ROTCNT .
0000EB5C 58 AS LB
0000EB5D 3A ABX
0000EB5E 16 TAB
0000E B 5F 4F CLRA
0000E B 60 E300 ADDD 0 ,X




OOOOEB67 7F006B CLR DBLANKF
0000EB6A DCDO LDD CUMTIME+1
0000EB6C 7F00B F CLR ROTCNT
0000E B 6F 7C00BF NXTR0T2 INC ROTCNT
0000EB 72 05 ASLD
0 0 0 0 EB73 2 4 FA BCC NXTR0T2
0000E B 75 04 LSRD
0 0 0 0 EB76 8A80 ORAA #5610000000
0 0 0 0 EB78 7A00BF DEC ROTCNT
0000EB7B 16 TAB
0 0 0 0 EB7 C CO80 SUBB #$80
0000EB7E 58 AS LB
0000  EB7F CEF5ED LDX #L0GTAB2
0000E B 82 3A ABX
0 0 0 0 EB83 ECOO LDD 0,X
0 0 0 0 EB85 DDD3 STD LOGTIME+1
OOOOEB87 CEF6ED LDX # ROTOFF
0000EB8A D6BF LDAB ROTCNT
0000EB8C CB08 ADDB # $ 0 8
0000EB8E 58 AS LB
0000E B 8F 3A ABX
0000EB90 16 TAB
0000EB91 4F CLRA
0 0 0 0 EB92 E300 ADDD o , x




0 0 0 0 EB96 DCCD LDD CUMDOSE+1
0 0 0 0 EB98 9 3 D3 SUBD LOGTIME+1
0000EB9A 16 TAB
0000EB9B 96CC LDAA CUMDOSE
00 0 0  EB9D 92 D2 SBCA LOGTIME
0000E B 9F DD4C STD CUMBIN
OOOOEBA1 DE66 
OOOOEBA3 9C50 
0 0 0 0 EBA5 251 E 
0000EBA7 18 
0000EBA8 9350
# K # K K X #  * # * * * % * * * * * * * * * * *











( 0 5 2 5 )  71 7 1  4 8
P a g e :  4 9
i
C 73
1 5  META ASSEMBLER 3 . 4 0 A  (C)  1 9 8 6  An d y  G r e e n / C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1 4 8
A.TIMINT CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  5 0




0 0 0 0 EBB2 05 SMDATA2 ASLD








0000EBC3 20 2 3 BRA
0 0 0 0 EBC5 DC50 BIGDAT2 LDD
0000EBC7 9366 SUBD




0000EBD1 05 SMRUN ASLD
0000EBD2 C3F1ED ADDD
0000EBD5 18 XGDX




00 0 0  EBDE 8900 ADCA





0 0 0 0 EBE8 7A00C6 DEC
OOOOEBEB 26 0 7 BNE
OOOOEBED 8604 LDAA






OOOOEBF1! 7A 0069 DEC
0000EBF7 2703 BEQ
0000  EBF9 7EECFA JMP
OOOOEBFC 9647 STORE LDAA
OOOOEBFE 9769 STAA
OOOOECOO 8101 CMPA
0 0 0 0 EC02 271 4 BEQ
0000EC04 8108 CMPA
0000EC 06 2 6 0 9 BNE
0000EC 08 DC66 LDD
OOOOECOA 83005A SUBD
OOOOECOD DD66 STD
0 0 0 0 ECOF 2 0 0 7 BRA
0000E C 11 DC66 TENSCMP LDD
0000EC1 3 8300BE SUBD
0000E C 16 DD66 STD
TCOMPDN
#$01




















































1 5  META ASSEMBLER 3 ^ 0 A  ( C )  1 9 8 6  Andy  G r e e n / C R A S H  BARRIER ( 0 5 2 5 )  7171*18
A.TIMINT CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  51
0000E C 18 DC66 LDD RUNBIN
0000EC1A C 30064 ADDD # 100
0000EC1D 18 XGDX
0000EC1E 96 D7 LDAA ERRSTAT
0000EC 20 8480 ANDA # * 1 0 0 0 0 0 0 0
0000EC 22 9 A** 8 ORAA CODE
0000EC2*! 97*18 STAA CODE
0000EC 26 18 XGDX
OOOOEC27 9A*l6 ORAA CODE
0000EC29 DE60 LDX RAMPNTR
0000EC2B 71 FE03 AIM * 1 1 1 1 1 1 1 0 ,POR
0000EC2E T2
0000EC2E E700 STAB 0 ,X
0000EC 30 720103 OIM * 0 0 0 0 0 0 0 1 ,POR
OOOOEC33 T2
OOOOEC33 A700 STAA 0,X
OOOOEC35 DE53 LDX DATACNT+1
OOOOEC37 08 INX
OOOOEC38 DF53 STX DATACNT+1




0000E C 3F DE60 LDX RAMPNTR
0000EC*11 08 INX
0000EC*12 8CE000 CPX # RAMEND
0000ECM5 2626 BNE NRAMOVF
0000  EC'* 7 8601 LDAA //R AMENDS
0000EC*19 2706 BEQ FULL
0000EC4B 9603 LDAA P0RT2
0000EC**D 8*102 ANDA # * 0 0 0 0 0 0 1 0
0000  EC*1F 271 2 BEQ NFULL
0000EC51 8601 FULL LDAA #1
OOOOEC53 9773 STAA RAMFULL
0000EC55 868*1 LDAA #PAUSE
0 0 0 0 EC57 97*11 STAA KEYVAL
0000E C 59 860F LDAA #*00001111
0000EC5B 9717 STAA PORT6 ‘
0000EC5D 9608 LDAA TCSR1
0000E C 5F 96 0 9 LDAA FRC
0000EC61 OE CLI
0000EC62 3B RTI
OOOOEC63 CE01 *10 NFULL LDX #RAMSTRT
OOOOEC66 8601 LDAA #1
OOOOEC68 9762 STAA RAMP NTB
0000EC6A 720203 OIM *0000001  0 , POR
0 0 0 0 EC6D T2
0000EC6D DF60 NRAMOVF STX RAMPNTR
0000E C 6F 7F006B CLR DBLANKF
0000EC72 A.BCDCONV RUNBINjRUNBCD
A.BCDCONV MACRO BINVAL; BCDVAL
;rtia c ro  t o  c o n v e r t  v a l u e s  s t o r e d  in  p a r a m e te r  BINVAL
t o  bed  v a l u e s  i n  p a r a m e te r  BCDVAL....................b e d  d i g i t s  4+
5 a r e  a l s o  p l a c e d  in  BCDOVF. ..B IN V A L & BCDVAL 1 6 - b i
t  r e g i s t e r s  (CCR' c o n t e n t s  d e s t r o y e d )





tem p s t o r e  a c c u m u la to r  A
1 7  META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  Andy G r e e n / C R A S H  BARRIER
A.BCDCONV CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
( 0 5 2 5 )  71 71 4 8
P a g e :  5 2
OOOOEC74 97 C3 STAA
; u n i t s
BCDOVF
0000EC76 9667 LDAA RUNBIN+1
0000E C 78 840F ANDA # $ o f
0000EC7A 81 OA CMPA #$ oa
0000EC7C 2502 BCS LOSTR
0000EC7E 8B06 ADDA #$06
0000EC 80 97 C9 LOSTR STAA 
{ m u l t i p l e s  o f  16
RUNBCD+1
0000EC 82 D667 LDAB RUNBIN+1
OOOOEC84 C4F0 ANDB #$F0
0000EC86 54 LSRB
0000EC 87 54 LSRB
0000E C 88 54 LSRB
0000E C 89 CEF1 5D LOMIDST LDX #BCDTAB1
0000EC8C 3A ABX
0000EC8D ECOO LDD 0 ,X
0000E C 8F 36 PSHA
0000EC 90 17 TBA
0000EC91 33 PULB
0000EC92 9BC9 ADDA RUNBCD+1
o o o o ec94 19 DAA
0000EC95 97 C9 STAA RUNBCD+1
0000E C 97 36 PSHA
0000E C 98 17 TBA
0000EC99 33 PULB
0000EC9A 8900 ADCA #$00
0000EC9C 19 DAA
0 0 0 0 EC9D 97 C8 STAA
{ m u l t i p l e s  o f  256
RUNBCD
0 0 0 0 EC9F D666 LDAB RUNBIN
0000ECA1 C40F ANDB #$0F
0000ECA3 58 AS LB
0000ECA4 CEF17D HIMIDST LDX #BCDTAB2
0000ECA7 3A ABX




OOOOECAD 9BC9 ADDA RUNBCD+1
OOOOECAF 19 DAA




0000ECB5 99C8 ADCA RUNBCD
0000ECB7 19 DAA
0000ECB8 97 C8 STAA
{ m u l t i p l e s  o f  4096
RUNBCD 
(4  d i g  o n l y )
OOOOECBA D666 LDAB RUNBIN




0000ECC1 CEF19D HIST LDX #BCDTAB3
OOOOECCO 3A ABX





1 7  META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  Andy G r e e n / C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1 4 8
A.BCDCONV CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  5 3
0000ECC9 33 PULB
OOOOECCA 9BC9 ADDA RUNBCD+1
OOOOECCC 19 DAA




0000ECD2 99C8 ADCA RUNBCD
OOOOECDO 19 DAA
0000ECD5 97C8 STAA RUNBCD
0000ECD7 96C3 LDAA BCDOVF
0000ECD9 8900 ADCA #$00
OOOOECDB 97C3 STAA BCDOVF
; o t h e r  d i g  o f  4096 m u l t i p l e
OOOOECDD D666 LDAB RUNBIN





0000ECE5 CEF1BD LDX #BCDTAB4
0000ECE8 3A ABX
0000ECE9 A600 LDAA 0 ,X
OOOOECEB 9BC3 ADDA BCDOVF
OOOOECED 19 DAA
OOOOECEE 97C3 STAA BCDOVF
OOOOECFO 32 PULA
0000ECF1 MEND
0000ECF1 96C4 LDAA CO DUSE
0000ECF3 9A48 ORAA CODE





OOOOECFA 9615 ADWAIT1 LDAA P0RT5
OOOOECFC 8402 ANDA #$0000001
OOOOECFE 26FA BNE ADWAIT1
OOOOEDOO 9630 LDAA ADRD
0000ED 02 81 7F CMPA #$ 7 F
0000ED 04 2208 BHI LINPOS
0 0 0 0 EDO6 9 6 DB LDAA LINASTR
0000ED 08 8101 CMPA #$1
OOOOEDOA 27 1 0 BEQ NFIDDLE
OO0OEDOC 2006 BRA P i DDLjE
OOOOEDOE 96DB LINPOS LDAA LINASTR
0000ED 10 8105 CMPA #$5 .
0000ED1 2 2708 BEQ NFIDDLE
0000ED 14 8684 FIDDLE LDAA #PA.USE
0000ED1 6 9741 STAA KEYVAL
0000E D 18 8601 LDAA #$01
0000ED1 A 9772 STAA LEDSONF
0000ED1C 9608 NFIDDLE LDAA TCSR1
0000ED1 E 9609 LDAA ' FRC
0000ED 20 OE CL I
0000ED21 3B RTI
0 0 0 0 E D 2 2  MEND
C 77
1 6  META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  Andy G r e e n / C R A S H  BARRIER
A.TIMINT CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
00000001  LIST  ON
0000ED 22 A.SERIAL

1 8  META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  Andy  G r e e n / C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1 ^ 8






OOOOED24 84 CO AMD A m 1 0 0 0 0 0 0
0000ED 26 2603 BNE DORX
0000ED 28 7EEFA3 JMP DOTX
0000ED2B 9 6 1 0 DORX LDAA RMCR
0000ED2D 9612 LDAA RDR
0000ED 2F 8 1 1B CMPA #$1 B
0000ED31 2704 BEQ DOESC
OOOOED33 8107 CMPA '#$07
OOOOED35 2627 BNE NOTES C
OOOOED37 DOESC A. ROMTX ESCSTR
ROMTX MACRO ROMSTRG
OOOOED37 CEF71D LDX //ESCSTR





0000ED 3F 3A 
0 0 0 0 ED40 DFA2
ABX
STX TXEND




0000ED 45 D7AB STAB TXBYTE
000CED47 D77E STAB NUMMODE
OOOOED49 D7A5 STAB TXHFLG
0000ED4B D7AD STAB TXENDPG
0000ED4D D7AE STAB RAMFLAG
0000  ED4F D7B7 STAB PENDFLG




OOOOED54 720411 OIM a>000001 00,TR C




000CED5A DFA9 STX RXPTR
0000ED5C OS 





0000ED5E 8113 NOT ESC CMPA #$1 3
0000ED 60 260A BNE NCTRLS
OOOOED62 CE0080 LDX //RXBUF
0000ED 65 DFA9 STX RXPTR
OOOOED67 71 FB11 AIM %11 1 1 1011 ,TRC
0000ED6A 
0000  ED6 A OE CL I
SRI
0000ED6B 3B Pvt I
0000ED6C 8111 NCTRLS CMPA #$1 1
0000ED6E 260A BNE NCTRLQ
0000ED70 CE0080 LDX #RXBUF
0000ED 73 DFA9 STX RXPTR
0000ED 75 720411 OIM $000001 0 0 , TRC
OOOOED78 
0000  ED7 8 OE CL I
SRI
0000ED 79 3B RTI
0 0 0 0 ED7A OE NCTRLQ CL I
0000ED7B D67E LDAB NUMMODE
0000ED7D 2603 BNE DONUM
0000  ED7F 7EEE9E JMP NOTNUM
0000ED 82 DEA9 DONUM LDX RXPTR
0 0 0 0 ED84 A700 STAA 0 ,X
C 79
1 8  META ASSEMBLER 3 . 4 G A  (C)  1 9 8 6  An d y  G r e e n / C R A S H  BARRIER
A. SE RI AL CRL 2 . 3 6  SHORT Le q  DATA AQUISITION UNIT
( 0 5 2 5 )  7 1 7 1 4 8
P a g e :  5 6
OOOOED86 08 INX
OOOOED87 OF A 9 STX RXPTR
0000ED89 CE008C LDX #RXBUF
0000ED8C C61 A . LDAB #20
0000ED8E 3 A ABX
0 0 0 0 EDSF 9CA9 CPX RXPTR
0000ED91 2701 BEQ DODIGS
0 0 0 0 ED93 3B RTI
OOOOED94 5F DODIGS CLRB
0000ED 95 D77E STAB NUMMODE
0000ED 97 D7A5 STAB TXHFLG
0 0 0 0 ED99 D7AB STAB TXBYTE
0000ED9B D7AE STAB RAMFLAG
0 0 0 0 ED9D D7AC STAB TXBANK
0000ED 9F D7AD STAB TXENDPG
0 0 0 0 EDA1 5C INCB
OO0OEDA2 D7B7 STAB PENDFLG
0000EDA4 D7A4 STAB TXFLAG
0 0 0 0 EDA6 CEF738 LDX ^WELCOME
0000EDA9 E600 LDAB 0 ,X
0 0 0 0 EDAB 0 8 INX
OOOOEDAC DFAO STX TXPTR
OOOOEDAE 3A ABX
OOOOEDAF DFA2 STX TXEND
0000EDB1 CE0080 LDX #RXBUF
0000EDB4 DFA9 STX RXPTR
0000EDB6 CEOOOO LDX #0
0 0 0 0 EDB9 DF78 STX L032VL1
OOOOEDBB DF76 £>TX HI32VL1
OOOOEDBD DF7C STX L032VL2
0 0 0 CEDBF DF7A STX KI32VL2
0000EDC1 5F CLRB
0 0 0 0 EDC2 3? NXTDIGI P3HB
0 0 0 0 EDC3 CEOOOO LDX #RXBUF
0000EDC6 3A ABX
0 0 0 0 EDC7 37 PSHB
0 0 0 0 EDC8 E602 LDAB 2 » X
OOOOEDCA C030 SUBB #$30
0 0 0 0 EDCC D7AF STAB SCRATCH
OOOOEDCE 8oOA ; LDAA ' #10:
0 0 0 0 EDDO 33 PULB
OOOOEDDI 3D MUL
0 0 0 0 EDD2 DBAF ADDB SCRATCH
0000EDD4 8900 ADCA #0;
0 0 0 0 EDD6 0 5 ASLD
0 0 0 0 EDD7 05 ASLD
0 0 0 0 2DD8 03 FT AC ADDD #HEXTBL
OOOOEDDB DD74 STD d sc rT ch
0 0 0 0 EDDD DE7 4 LDX DSCRTCH
OOOOSDDF ECOO LDD 0 ,X
0 0 0 0 EDET D376 ADDD L032VL.1
0000EDE3 DD78 STD L032VL1
0 0 0 0 EDE5 24 0 7 BCC M032CR1
0 0 0 0 SDE7 3C P.SHX
0.000 EDE8 DE76 LDX HI32VLV
0 0 0 0 EDEA 08 IHX
0 0 0 0 EDEB DF76 STX HI32VL1
OOOOEDED 38 PULX
0 0 0 0 EDEE DC76 N032CR1 LDD HJ32VL1
C 80

1 8  META ASSEMBLER 3.*10A (C)  1 9 8 6  An d y  G r e e n / C R A S H  BARRIER
A. SERIAL CRL 2 .3 6  SHORT L eq DATA AQUISITIOI
0000EDF0 E302 ADDD 2 ,X
0000EDF2 DD76 STD HI32VL1
OOOOEDFH 33 PULB
0000EDF5 5C INCB
0000EDF6 C108 CMPB #8
0000EDF8 26 C8 BNE HXTDIG1
OOOOEDFA 5F CLRB
OOOOEDFB 37 NXTDIG2 PSHB
OOOOEDFC CE0080 LDX #RXBUF
OOOOEDFF 3A ABX
OOOOEEOO 37 PSHB
0000EE01 E60A LDAB 10 ,X
0000E E03 C030 SUBB #$30
0000E E05 D7AF STAB SCRATCH
0000E E 07 860A LDAA #10
0000E E 09 33 PULB
OOOOEEOA 3 0 MUL
OOOOEEOB DBAF ADDB SCRATCH
OOOOEEOD 8900 ADCA #0
OOOOEEOF 05 ASLD
0000EE1 0 05 ASLD
0 000E E 11 C3F7AC ADDD #HEXTBL
0000EE1 DD7^ STD DSCRTCH
0000EE1 6 DE71! LDX DSCRTCH
0000EE1 8 DC7C LDD L032VL2
0000EE1 A E300 ADDD 0 ,X
0000EE1C DD7C STD L032VL2
0000  EF.1 E 2*107 BCC N032CR2
0000E E 20 3C PSHX
0000EE21 DE7A LDX HI32VL2
0000E E23 08 INX
0000  EE2 DF7A STX HI32VL2
0 0 0 0 EE26 38 PULX
0000E E 27 DC7A N032CR2 LDD HI32VL2
0000E E29 E302 ADDD 2 ,X
0 0 0 0 EE2B DD7A STD HI32VL2
0000EE2D 33 PULB
0000EE2E 5C INCB
0000E E 2F C108 CMPB #8
0000EE31 26 C8 BNE NXTDIG2
OOOOEE33 DC78 LDD L032VL1
OOOOEE35 C301 iio ADDD #RAMSTRT
OOOOEE38 DD78 STD L032VL1
0000EE3A 2405 BCC N032CR3
0000EE3C DE76 LDX HI32VL1
0000E E3E 08 INX
OOOOEE3F DF76 STX HI32VL1
OOOOEEill CEEOOO N032CR3 LDX #$E 000
OOOOEEM 9C78 CPX L032VL1
0000E E ll6 220  F BHI NPGJMP
0000EEII8 DC78 LDD L032VL1
OOOOEEOA C32000 ADDD # $ 2 0 0 0
OOOOEEOD C3011|0 ADDD #RAMSTRT
0000E E50 DD78 STD L032VL1
0 0 0 0 EE52 DE76 LDX HI32VL1
0000E E 51) 08 INX
0 0 0 0 EE55 DF76 STX HI32VL1
0000E E57 DC78 NPGJMP LDD L032VL1
0 0 0 0 EE59 DDB8 STD TXPPEND
C 81
( 0 5 2 5 )  7171*18
P a g e :  5 7
i

1 8  META ASSEMBLER 3 - 4 0 A  (C)  1 9 8 6  A n d y  G r e e n / C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1 4 8
A. SE RI AL CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  5 8
0000EE5B 4F CLRA
0 0 0 0 EE5C DE76 LDX HI32VL1
0000E E5E  2701 BEQ NOPAGE
0 0 0 0 EE60 4C J.NCA
0000EE61 9 7 BA NOPAGE STAA TXPBPEND
OOOOEE63 DC78 LDD L032VL1
0000E E 65 D37C ADDD L032VL2
0 0 0 0 EE67 DDBB STD TXEPEND
OOOOEE69 24 0 5 BCC N0ENDP1
OOOOEEoB DE76 LDX II132 V LI
0 0 0 0 EE6D 0 8 INX
0000EE6E DF76 STX HI32VL1
0000E E 70 CEEOOO H0ENDP1 LDX #$E 000
0 0 0 0 EE73 9CBB CPX TXEPEND
0000E E 75 22 0 F BHI M0ENDP2
0000E E77 DCB3 LDD TXEPEND
OOOOEE79 C32000 ADDD #$2000
0000EE7C  C 30140 ADDD #RAMSTRT
0 0 0 0 EE7F DDBB STD TXEPEND
C000EE81 DE76 LDX HI32VL1
OOOOEE83 08 INX
0 0 0 0 EE84 DD76 STD HI32VL1
0000E E 86 DC76 N0ENDP2 LDD KI32VL1
0 0 0 0 EES8 D37A ADDD HI32VL2
0000EE8A  2706 BEQ N0ENDP3
0000EE8C. 8601 LDAA #1
0000E E8E  97BD STAA TX EBP END
OOOOEESO 2003 BRA ENDPG
0000E E92 4F N0EMDP3 CLRA
OOOOEE93 9 7 BD STAA TXEBPEND
ENDPG
DORTI
0000E E 95 CE0080 LDX #RXBUF
0 0 0 0 EE98 DFA9 STX RXPTR
0 0 0 0 EE9A 720411 o : m •7,00000100
0000EE9D 
0000EE9D  3B RTI
SRI
NOTNUft.
0 0 0 0 EE9E DEAS ' LDX RXPTR
OOOOEEAO A700 STAA 0,X




0000EEA5 CE0080 LDX #RXBUF
0000  EEA8 C60<! LDAB
o o o o s e a a  3A ABX
0 0 0 0 EEAB 9CA9 CPX RXPTR '
OOOOEEAD 2701 BEQ DOMESS.
OOOOEEAF 3B RTI
DOMESS
0 0 0 0 EEBO CE0C80 LDX #RXBUF
0 0 0 0 EEB3 AoOO LDAA d , x "  ■
0 0 0 0 EEB5 8150 CMPA # ‘P '  .
0000EEB7 2 6 3 A BNE N OTP R
0 0 0 0 EE89 AC01 LDAA j  ; A .
OOO OE EBB 8152 CMPA
0 0 0 0 EEBD 2703 BEQ 'MESSOKO
OOOOEEBF 7EEF7C 4MP BADMESS
0 0 0 0 EEC2 4F MESSOKO CLRA
C 82

1 8  META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  Andy G r e e n / C R A S H  BARRIER
A. SER IAL  CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
( 0 5 2 5 )  7 1 7 1 4 8
P a g e :  5 9
0000EEC3 977 E STAA NUMMODE
0000EEC5 97 AB STAA TXBYTE
0000EEC7 97 AC STAA TXBANK
0000EEC9 97 A8 STAA HDRCTR
OOOOEECB 97B4 STAA HSTRTPG
OOOOEECD 97 AE STAA RAMFLAG
OOOOEECF 97BA STAA TXPBPEND
0000EED1 4C INCA
0000EED2 97 A4 STAA TXFLAG
0000EED4 97 B7 STAA PENDFLG
0 0 0 0 EED6 97 A5 STAA TXHFLG
0000EED8 CE0140 LDX #RAM3TRT
OOOOEEDB DFB8 STX TXPPEND
OOOOEEDD DFA6 STX HDRSTRT
0 0 0 0 EEDF CE0080 LDX #RXBUF
0000EEE2 DFA9 STX RXPTR
0 0 0 0 EEE4 CEF738 LDX # WELCOME
0000EEE7 E600 LDAB o , x
0000EEE9 0 8 INX
OOOOEEEA DFAO STX TXPTR
OOOOEEEC 3A ABX
OOOOEEED DFA2 STX TXEND





0 0 0 0 EEF3 81 49 CMPA # ' I *
0000E EF5 2630 BNE NOTID
OOOOEEF7 A601 LDAA 1,X
0000E EF9 8144 CMPA Dl
OOOOEEFB 2703 BEQ MESS0K1
OOOOEEFD 7EEF2D JMP N0TID1 '
0000  EFOO MESS Old . A.ROMTX IDMESS
ROMTX MACRO ROMSTRG
OOOOEFOO CEF74D LDX #IDMESS
0 0 0 0 EP03 E600 LDAB OjX
0000E F 05 08 INX
0000E F06 DFAO STX TXPTR
0000E F 08 3A ABX
0 0 0 0 EFO9 DFA2 STX TXEND
OOOOEFOB 5F CLRB
OOOOEFOC D7AC STAB TXBANK.
OOOOEFOE D7AB STAB TXBYTE
0000EF1 0 D77E STAB NUMMODE
OOOOEF1 2 D7A5 STAB TXHFLG
0000  EF1 4 D7AD STAB TXENDPG
0000EF1 6 D7AE STAB RAMFLAG
0000EF1 8 D7B7 STAB PENDFLG
0000EF1 A 5C INCB
0000  EF1 B D7A4 STAB TXFLAG
0000EF1 D 720411 OIM $ 0 0 0 0 0 1 0 0 ,TRC
00 0 0  EF20 SRI
0000E F20 CE0080 LDX //RXBUF
0 0 0 0 EF23 DFA9 STX RXPTR
0000E F25 OE CL I
0000E F26 3B RTI
0 0 0 0 EF27
NOT ID
MEND
0000  EF2 7 81 49 CMPA fr ’ I '
C 83

1 9  META ASSEMBLER 3 . 4 0 A  (C) 1 9 8 6  A ndy  G r e e n /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1 4 8
A .SE R IA L  CRL 2 . 3 6  SHORT L eq  DATA AQUISITION UNIT P a g e :  6 0
0 000E F 29  2630 BNE NOTIT
0000EF2B A601 LDAA 1,X
0000EF2D 8154 N0TID1 CMPA # ' T :
00 00 E F 2F  2703 BEQ MESS0K2
0000EF31 7EEF7C JMP BADMESS
0 0 0 0 EF34 MESS0K2 A. ROMTX ITMESS
ROMTX MACRO ROMSTRG
0000EF34 CEF77A LDX # ITMESS
0 0 0 0 EF37 E600 LDAB 0 ,X
OOOOEF39 08 INX
0000EF3A DFAO STX TXPTR
0000EF3C 3 A ABX
0000EF3D DFA2 STX TXEND
00 00 E F 3 F  5F CLRB
00 00  EF40 D7AC STAB TXBANK
0000E F42  D7AB STAB TXBYTE
OOOOEF44 D77E STAB NUMMODE
OOOOEF46 D7A5 STAB TXHFLG
0000EFIJ8 D7AD STAB TXENDPG
0000EF4A D7AE STAB RAMFLAG
0000EF4C D7B7 STAB PENDFLG
OOOOEF^E 5C INCB
OOOOEF^F D7A4 STAB TXFLAG
0000EF51 720411 OIM 5600000100, TRC
0000EF54 SR1
0000EF54 CE0080 LDX /‘RXBUF
0 0 0 0 EF57 DFA9 STX RXPTR
0 000E F 59  OE CLI
0000EF5A 3B RTI
0 00 0  EF5B
NOTIT
MEND
0000EF5B 81 4C CMPA # 11. ’
0000EF5D 260E BNE NOTLG
0 00 0E P 3F  A601 LDAA 1,X
0000EF61 814? CMPA # f G‘
0 0 0 0 EF63 2703 BEQ MESS0K3
OOOOEF65 7EEF7C JMP BADMESS
OOOOEF68 8601 MESS0X3 LDAA #1




0000EF6D 81 4D CMPA ’ M1
0 0 0 0E F 6F  2 60 8 BNE BADMESS
0000EF71 A601 LDAA 1,X
0000E F73  81 4F CMPA ff’ O'
OOOOEF75 2 6 0 5 BNE BADMESS
0000E F 77  8601 LDAA #1




0000EF7C A. ROMTX ERMESS
ROMTX MACRO ROMSTRG
0000EF7C CEF797 LDX #ERMESS
0 00 0E F 7F  E600 LDAB O.X
0000EF81 08 INX
0 0 0 0 EF82 DFAO STX TXPTR.
0 00 0E F 84  3 A ABX
0000E F85 DFA2 STX TXEND
0000E F 87  5F CLRB
C 8 4

2 2  META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  Andy G r een /C R A S H  BARRIER
ROMTX CRL 2 . 3 6  SHORT L eq  DATA AQUISITION UN 11
0 0 0 0 EF88 D7AC STAB TXBANK
0000EF8A D7AB STAB TXBYTE
0000EF8C D77F, STAB NUMMODE
0000EF8E D7A5 STAB TXHFLG
0000E F90 D7AD STAB TXENDPG
0000E F92 D7AE STAB RAMFLAG







OOOOEF97 D7A4 STAB TXFLAG
OOOOEF99
0000EF9C
720411 OIM * 0 0 0 0 0 1 0 0 , TRC 
SR1
0000EF9C CE0080 LDX #RXBUF
0 0 0 0 EF9F 
0000EFA1 
0 0 0 0 EFA2 









0000EFA3 96 M DOTX LDAA TXFLAG
0000EFA5 2605 BNE D0TX1
0000EFA7
OOOOEFAA






CL I  
RTI
OOOOEFAC 8601 D0TX1 ■ LDAA 1















# * 0 1 0 0 0 0 0 0
RMCR
0000EFB1 96AE LDAA RAMFLAG
0000EFB3 262E BNE D01 6 BIT
0000EFB5 DEAO LDX TXPTR
OOOOEFB7 A600 LDAA 0 ,X
0 0 0 0 EF39 
OOOOEFBB





OOOOEFBC 0 8 INX
OOOOEFBD DFAO STX TXPTR
OOOOEFBF 9CA2 CPX TXEND
0000EFC1 261 F BNE MOREMES
0000EFC3 96 B7 LDAA PENDFLG
0 0 0 0 EFC5 27 15 BEQ NOPEND
0000EFC7 8601 LDAA #1
0000EFC9 97 AE STAA RAMFLAG
OOOOEFCB DEBS LDX TXPPEND
0 0 0 0 EFCD DFAO STX TXPTR
OOOOEFCF 96BA LDAA TXPBPEND
0000EFD1 97 AC STAA TXBANK
0000EFD3 96BD LDAA TXE3PEND
0 0 0 0 EFD5 97 AD STAA TXENDPG
0000EFD7 DEBB , LDX TXEPEND







OOOOEFDC 4F NOPEND CLRA
OOOOEFDD 9 7 AJi STAA TXFLAG
OOOOEFDF
0000EFE2
71 FB11 AIM * 1 1 1 1 1 0 1 1 , TRC 
S R I .............
( 0 5 2 5 )  7 1 7 1 ^ 8




21 META ASSEMBLER 3 . 4 0  A (C )  1 9 8 6  Anciy G r e e n /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1 4 8
A .S E R IA L  CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  62
0000EFE2 3B MOREMES 
D016 BIT
RTI
0000EFE3 9603 LDAA P0RT2
0000EFE5 977 F STAA P2SAVE
0 0 0 0 EFE7 96 AB LDAA TXBYTE
OOOOEFE9 2705 BEQ NOBANK
0 0 0 0 EFEB 7 2 0 1 0 3 OIM $00000001 , POR
OOOOEFEE T2
OOOOEFEE 20 03 BRA BNKDONE
OOOOEFFO 7 1 FE03 NOBANK ATM $11 11 1 1 1 0 , POR
0 0 0 0 EFF3 T2
0000EFF3 96AC BNKDONE LDAA TXBANK
0000EFF5 2 7 0 5 BEQ N OP GE
0000EFF7 7 2 0 2 03 OIM $ 0 0 0 0 0 0 1 0 ,  POR
OOOOEFFA T2
OOOOEFFA 2003 BRA PGDOME
0 0 0 0 EFFC 71 FD03 NOP GE AIM $11111101 ,POR
OOOOEFFF T2
OOOOEFFF DEAD PGDOME LDX TXPTR
0000F001 A600 LDAA 0 ,X
0 0 0 0 F 0 03 9713 STAA TDR
0 0 0 0 F 0 05 97AF STAA SCRATCH
0 0 0 0 F007 9 67 F LDAA P2SAVE
0000PQ 09 9703 STAA P0RT2
OOOOFOOB OE CL I
0 0 0 0 FOOC 96 A5 LDAA TXHFLG
OOOOFOOE 272E BEQ N0THDE1
0 0 0 0 F010 9 Gab LDAA TXBYTE
0 0 0 0 F012 2616 BNE HDRBNK1
0 0 0 0 F 01 4 96 A8 LDAA HDRCTR
0 0 0 0 F016 8106 CMPA #6
0 0 0 0 FO16 2 60 6 BNE NOT 6
0 0 0 0 F01A 96A F LDAA SCRATCH
00 00  FO 1C 97B3 STAA OFFSET'.
00 00  F01 E 201 E BRA N0THDR1
0 0 0 0 F020 8107 Nor6 CMPA n
0 0 0 0 F022 2&1 A BNE N0THDR1
0 0 0 0 F 0 2 iJ 96AF LDAA SCRATCH
0 0 0 0 F026 97B1 STAA OFFSETS
0 0 0 0 P028 201 ii BRA • H0THDR1
0 0 0 0 F02A 96A8 HDRBNK1 LDAA HDRCTR
0 0 0 0 F02C 81 06 CMPA #6
0 0 0 0 F02E 2606 BNE NOT) 6
0 0 0 0 P030 96 AF LDAA SCRATCH
0 0 0 0 F032 97 B2 STAA 0FFSET2
0 0 0 0 FO34 2 0 0 3 BRA N0THDR1
0 0 0 0 F036 8107 N0T1 6 CMPA #7 .
0 0 0 0 F 0 3 8  2604 3 ME N0THDR1
0 0 0 0 F03A 9 6 AF LDAA SCRATCH
0 0 0 0 F03C 9 7 BO STAA OFFSETA
0 0 0 0 FOSE 9 6 AB N0THDR1 LDAA TXBYTE
0 0 0 0 F 0 4 0 2604 BNE DOBNKO
OOOOFOOE 4C INC A
0 0 0 0 F 0 4 3 97 AB STAA TXBYTE
0 0 0 0 F045 3B RTI
0 0 0 0 F046 l \F DOBNKO CLRA
0 0 0 0 F0 47 97 AB STAA TXBYTE
0 0 0 0 F049 DEAO LDX TXPTR'
0 0 0 0 FO4 B 0 8  - INX
C 86

21 META ASSEMBLER 3 . 4 0  A ( C )  1 9 8 6  Andy G r een /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1  4 8
A .SE R IA L CRL 2 , 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  63
0 0 0 0 FO4C DFAO STX TXPTR
0 0 0 0 F04E 8CE000 CPX #$E000
0000F051 260F BNE NOFLIP
00 0 0 F 0 5 3 96AC LDAA TXBANK
0 0 0 0 F 05 5 81 01 CMP A #RA MENDS
0 0 0 0 F 0 5 7 2719 EEQ DATADN
0 0 0 0 F 0 5 9 CE0140 LDX #RAMSTRT
000 0F 0 5C DFAO STX TXPTR
0 0 0 0 FO5 E 8601 LDAA #1
OOOOPO6O 97AC STAA TXBANK
0O00F062 96 A5 NOFLIP LDAA TXHFLG
OOOOF064 2613 BNE DOHDR
0 0 0 0 F 0 6 6 9CA2 CPX TXEND
0 0 0 0 F068 2701 BEQ TESTPG
0000F06A 3B RTI
0 0 0 0 F06B 96AC TESTPG LDAA TXBANK
0000F06D 91 AD CMPA TXENDPG
0 0 0 0 F 0 6 F  2701 BEQ DATADN
0000F071 3B RTI
0 0 0 0 FO72 4F DATADM CLRA
0 0 0 0 FO73 97 A4 STAA TXFLAG
00 0 0  F075 71 FB11 AIM J611 1 1 1 0 1 1 PTRC
00 00  F078 SR1
0 0 0 0 F078 3B RTI
0 0 0 0 F079 96A8 DOHDR LDAA HDRCTR
0000F07B 4C INCA
0 0 0 0 F07C 9 7 A8 STAA HDRCTR
00 00  FO 7 E 8110 CMPA #16
0 0 0 0 FO80 2701 BEQ NXTHDR
0000FO82 3B RTI
0 0 0 0 FO83 4F NXTHDR CLRA
0 0 0 0 FO84 97 A5 STAA HDRCTR
0 0 0 0 TO86 96 B3 LDAA 0FFSET1
0 0 0 0 F 0 8 8 2 6 1 5 BNE NXTHDR 1
0000F08A  9 6 B2 LDAA 0FFSET2
0 0 0 0 F08C 2611 BNE NXTHDR1
0000FQ8E 96B1 LDAA 0FFSET3
0 0 0 0 FO90 260D BNE . NXTHDR 1
OOOOF092 96 BO LDAA . 0FFSET4
0 00 0F 0 94 2 6 0 9 ' BNE NXTHDR1
0 0 0 0 FO96 4F CLRA
0 0 0 0 FO97 97 A4 STAA TXFLAG
0 0 0 0 F 0 9 9 71 FEJ11 AIM ^ '1 1 1 1 1 0 1 1 ,  TRC
0000F09C S.R1
0000F09C 97 A5 STAA TXHFLG
000 0F 0 9E 3B RTI
0 0 0 0 F 0 9 F DCB2 NXTHDR1. LDD 0FFSET2
0000  F0A1 D3A6 ADDD HDRSTRT
0 0 0 0 FOA3 DDA6 STD HDRSTRT
00 00  F0A5 DDAO STD TXPTR
00 00  F0A7 96B4 LDAA HSTRTPG
OOOOFOA9 99B1 ADCA 0FFSET3
0 0 0 0  FOAB 9734 STAA HSTRTPG
OOOOFOAD 97 AC STAA TXBANK
0 0 0 0 FOAF 3B RTI
0 0 0 0 FOBO MEND
0 0 0 0 FOBO A. TEST
C 87
2 3  META ASSEMBLER 3 ’. 4 0 A ( C )  1 9 8 6  A ndy G r e e n /C R A S H  BARRIER
A. TEST CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
( 0 5 2 5 )  7 1 7 1  4 8
P a g e :  64





0 0 0 0 F0B3 BDF0B9 JSR TEST
0000F0B6 7EF913 JMP MONITA+9
0000F0B9 3C 
OOOOFOBA 4F 











0 0 0 0 FOCO 9611 TXWT1 LDAA TRCSR1
0000F0C 2 8420 ANDA #5600100000
0 0 0 0 F0C4 2 7 FA BEQ TXWT1
0000F0C 6 961 0 LDAA RMCR
0000F0C 8 8A40 ORAA # $ 0 1 0 0 0 0 0 0
0 0 0 0 FOCA 9 71 0 STAA RMCR
0 0 0 0 FOCC A600 LDAA 0 ,X
0 0 0 0 FOCE 84 FO ANDA # $ 1 1 1 1 0 0 0 0
0 0 0 0 FODO 44 
0 00 0  F0D1 44 
00 0 0  F0D2 44 
0 0 0 0  F0D3 44 






0000F0D 6 2304 BLS N0TASC1
0000F0D8 8B37 ADDA #55
OOOOFODA 2002 BRA ASCDN1
OOOOFODC 8B30 N0TASC1 ADDA #48
0 00 0  FODE 9713 ASCDN1 ' STAA TDR
OOOOFOEO 9611 TXWT2 LDAA TRCSR1
0000F0E 2 8420 ANDA # $ 0 0 1 0 0 0 0 0
0000  F0E4 2 7 FA BEQ TXWT2
0000F0E 6 9610 LDAA RMCR
0 0 0 0 F0E8 8A40 ORAA # $ 0 1 0 0 0 0 0 0
OOOOFOEA 9710 STAA RMCR
0 0 0 0 FOEC A600 LDAA 0 ,X
OOOOFOEE 840F ANDA # $0 0001111
0 00 0  FOFO 8109 CMPA #9
0 0 0 0 F0F2 2304 BLS N0TASC2
00 0 0  F0F4 8B37 ADDA #55
00 00  F0F6 2002 BRA ASCDN2
00 00  F0F8 8B30 N0TASC2 ADDA #48
00 00  FO FA 9713 ASCDN2 STAA TDR




OOOOFOFF 8420 ANDA # $ 0 0 1 0 0 0 0 0
0000F1 01 27FA BEQ TXWT3
00 0 0 F 1 0 3  9610 LDAA RMCR
0000F1 05 8A40 ORAA # $ 0 1 0 0 0 0 0 0
0 0 0 0 F 1 07 9710 STAA RMCR
0 0 0 0 F 1 0 9  86 20 LDAA # $ 2 0
OOOOFIOB 9713 STAA TDR
0 0 0 0 F10D 96B5 LDAA BYTCTR
0 0 0 0 F1 OF 4C 
0 0 0 0 F110 8108
IMCA
CMPA #8
0 0 0 0 F11 2 26AA BNE NXTBYT
00 00  F11 4 961 1 TXWT4 LDAA TRCSR1
0 0 0 0 F116 8420 ANDA # $ 0 0 1 0 0 0 0 0
C 88

2 3  META ASSEMBLER 3 .* I0 A  ( C )  1 9 8 6  A ndy  G re e n /C R A S H  BARRIER
A.TEST CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
OOOOF11 8 
OOOO F11 A 
0000F11C 
00 0 0  FI 1E 
0000F1 20 
0 0 0 0  F122 
00 00  F1 2*1 
0 0 0 0 F 1 2 6  
0 0 0 0 F 1 2 8  
0000F12A  
0000F1 2C 








0 0 0 0 FI 3D 
0 0 0 0 F 1 3 F  
00 0 0  FI 
0000F1 H3 
0 0 0 0 F 1 *15 
00 0 0  F1 *17 
00 0 0  FI *19 














































































#55001 0 0 0 0 0  
TXWT6 
RMCR




( 0 5 2 5 )  7171*18
P a g e :  6 5
0 0 0 0  F1 *4 D MEND
2 2  META ASSEMBLER 3 j lO A  ( C )  1 9 8 6  Andy G re e n /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1  4 8
A.ROOT CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  6 6
0000F1 4D A. TABLES

2 4  META ASSEMBLER 3 - JIOA ( C )  1 9 8 6  A ndy G r e e n /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1 4 8
A.TABLES CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  6 7
A.TABLES MODULE
jm o d u le  t o  d e f i n e  a l l  t h e  t a b l e s  u s e d  i n  t h e  CRL236 p r o  
gram
X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
0000F14D  00B1 0166 
0 00 0  F1 51 021A 0238 
0 0 0 0 F1 55 02ED03A1 
0 0 0 0 F 1 59 0 0 0 0 0 0 0 0  
0000F15D
INTOF FDB SCALOF, SCALOF
+1 81 , SCALOF+3 
61 ,SCALOF+391 
, SCALOF+572,S 
C A LO F+752,0 ,0
X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
0000F15D  0 0 0 0 0 0 1 6  BCDTAB1 FDB $ 0 0 0 0 ,  $001 6 , $
0 0 0 0 F161 0 0 3 2 0 0 4 8  0 0 3 2 , $ 0 0 4 8 , $ 0
0000F1 65 0 0 6 4 0 0 8 0  0 6 4 , $ 0 0 8 0 , $ 0 0
0000F1 69 0 0 9 6 0 1 1 2  9 6 ,$ 0 1 1  2 ,$ 0 1  2
0000F 16D  01 2 8 0 1 4 4  8 ,  $01 4 4 ,  $01 60
0 00 0  F1 71 0 1 6 0 0 1 7 6  , $01 7 6 ,  $01 9 2 ,
0 0 0 0 F 1 75  0 1 9 2 0 2 0 8  $ 0 2 0 8 , $ 0 2 2 4 , $
0000F1 79  0 2 2 4 0 2 4 0  0 24 0
0000F 17D  0 0 0 0 0 2 5 6  BCDTAB2 FDB $ 0 0 0 0 , $ 0 2 5 6 , $
0 0 0 0 F 1 81 0 5 1 2 0 7 6 8  0 5 1 2 ,  $ 0 7 6 8 ,  $1
0 0 0 0 F 1 85 1 0 2 4 1 2 8 0  0 2 4 ,  $1 2 8 0 ,  $1 5
0000F1 89  1 5 3 6 1 7 9 2  3 6 ,  $ 1 7 9 2 ,  $204
0000F 18D  2 0 4 8 2 3 0 4  8 , $ 2 3 0 4 , $ 2 5 6 0
0000F1 91 2560281 6 , $281 6 ,  $ 3 0 7 2 ,
0 0 0 0 F 1 95 3 0 7 2 3 3 2 8  $ 3 3 2 8 , $ 3 5 8 4 , $
0 0 0 0 F199 3 5 8 4 3 8 4 0  3 84 0
0000F19D  0 0 0 0 4 0 9 6  BCDTAB3 FDB $ 0 0 0 0 , $ 4 0 9 6 , $
00 00  F1A1 8 1 9 2 2 2 8 8  81 9 2 ,  $ 2 2 8 8 ,  $6
OOOOF1A5 6 3 8 4 0 4 8 0  3 8 4 ,  $ 0 4 8 0 ,  $45
0000F1A9 4 5 7 6 8 6 7 2  7 6 , $ 8 6 7 2 , $ 2 7 6
0 0 0 0 Fi AD 2 7 6 8 6 8 6 4  8 ,  $ 6 8 6 4 ,  $0960
0 0 0 0 F1B1 0 9 6 0 5 0 5 6  , $ 5 0 5 6 ,  $91 5 2 ,  .
0 0 0 0 F1B5 9 1 5 23 24 8  $ 3 2 4 8 ,  $ 7 3 M ,  $
0000F1B9 73441 440 . 1  440
0000F1BD 00000001 BCDTAB4 FOB $ 0 0 ,  $ 0 0 ,  $ 0 0 ,  $
0000F1C1 0 1 0 2 0 2 0 2  01 , $01 , $ 0 2 ,  $0
0000F1C 5 0 3 0 3 0 4 0 4  2 , $ 0 2 , $ 0 3 , $ 0 3
0000F1C9 040 50 5C 6  , $ 0 4 , $ 0 4 , $ 0 4 ,
0000F1 CD $ 0 5 ,  $ 0 5 ,  $06
X X X X X X X -X X X X X X X X X X X X X X X X X X X X X X X X X
0000F1 CD 0 1 0 1 0 0 0 0  HLOOK FDB -$01 01 , $ 0 0 0 0 , $
0000F1D1 0 0 0 0 0 0 0 0  0 0 0 0 ,  $ 0 0 0 0 ,  $0
0000F1D 5 0 0 0 0 0 0 0 0  0 0 0 ,  $ 0 0 0 0 ,  $00
0000F1D9 0 0 0 0 0 0 0 0  0 0 ,$ 0 0 0 0 ,$ 0 0 1
0000F1DD 0 0 1 0 0 0 0 0  0 ,  $ 0 0 0 0 ,  $ 0 00 0
0 0 0 0 F1El 00000001  , $ 0 0 0 1 , $ 0 1 0 0 ,
0000F1E 5  0 1 0 0 0 0 0 0  $ 0 0 0 0 ,  $ 0 0 0 0 ,  $
0000F1E 9 0 0 0 0 0 3 0 2  . . . . . . . .  0302
XX XX XXXX XXXXX XXXXXXXX X X X X X X X X X X  X
0 0 0 0 F 1  ED






2 4  META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  Andy G re e n /C R A S H  BARRIER
A.TABLES CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
OOOOF6ED 
0 0 0 0  F6F1 
0 00 0  F6F5 
0 00 0  F6F9 
0 00 0  F6FD 
00O0F701 
0 0 0 0 F 7 0 5  




0 0 0 0 F 7 1 9
010F012D  ROTOFF
01 4 B0169












$01 O F ,$ 0 1 2 D ,$  
01 4B, $ 0 1 6 9 ,  $0 
1 8 7 ,  $01 A5,$01 
C4, $ 0 1 E2 
$00F1 , $00D3, $ 
0 0 B 5 , $ 0 0 9 7 ,$ 0  
0 7 8 , $ 0 0 5 A ,$00 
3 C , $ 0 0 1 E , $000 
0 , $ F FE 2 , $FFC4 
,$ F F A 6 ,$ F F 8 8 ,  
$ F F 6 9 ,$ F F 4 B ,$  
FF2D
0 0 0 0  F71D MEND
( 0 5 2 5 )  71 71 4 8
P a g e :  6 8
i
C 92
2 3  META ASSEMBLER 3 .H 0 A  ( C )  1 9 8 6  Andy G re e n /C R A S H  BARRIER ( 0 5 2 5 )  71





2 5  META ASSEMBLER 3.**0A ( C )  1 9 8 6  A ndy G re en /C R A S H  BARRIER
A .STRING  CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
A.STRING MODULE
0000F71 D IF CIRRUS *=1
0000F71 D INSTYPE ALIAS "CRL 2 . 3 6  "
0000F71 D ELSE
INSTYPE ALIAS "SA 1 1 .  *10 "
0000F71 D ENDIF
0000F71D  1 A ESCSTP. EQUB 26
0 00 0 F 7 1 E  *1352*1020 EQUS "CRL 2 . 3 6  "
0 0 0 0 F 7 2 2  322E 3336
0 0 0 0 F 7 2 6  2 0 2 0
0 0 0 0 F 7 2 8  3 0 3 0 3 0 3 0 EQUS " 0 0 0 0 0 1 »
0000F72C  3031
00 00 F 7 2 E  0 DO AO DO A EQUB 1 3 , 1 0 , 1 3 , 1 0
0 0 0 0 F 7 3 2  3 93 6 3 0 3 0 EQUS " 9 6 0 0 "
OOOOF736 ODOA EQUB 1 3 , 1 0
0 0 0 0  F73 8 1 *1 WELCOME EQUB 20
OOOOF739 *1352*1020 EQUS "CRL 2 . 3 6  "
OOOOF73D 322E 3336
0000F741 2020
OOOOF7*43 3 0 3 0 3 0 3 0 EQUS " 0 0 0 0 0 1 "
0 0 0 0 F 7 4 7  3031
OOOOF749 0 DO AO DO A EQUB 1 3 , 1 0 , 1 3 , 1 0
OOOOF74D 20 IDMESS EQUB *1*1
OOOOF74E *1352*1020 EQUS "CRL 2 . 3 6  "
0 0 0 0 F 7 5 2  322E3336
OOOOF756 20 2 0
0 0 0 0 F 7 5 8  7 3 6 5 7 2 2 0 EQUS " s e r  # "
OOOOF75C 23
0000F75D  3 0 3 0 3 0 3 0 EQUS "000001 "
0 0 0 0 F 7 6 I  3031
OOOOF763 2052*1F*1D EQUS " ROM v e r  1.
OOOOF767 2 0 7 6 6 5 7 2 0 r e v  0 "
OOOOF76B 2031 2E30
OOOOF76F 3 0 2 0 7 2 6 5
OOOOF773 76 2 0 3 0
00 0 0 F 7 7 6  0 DO AO DO A EQUB 13 , 10 , 13,10
0 0 0 0  F /7  A 1C ITMESS EQUB 2 8
0000F 77B  *1352*1020 EQUS "CRL 2 . 3 6  "
0 0 0 0 F 7 7 F  322E 3336
0 0 0 0 F783 2 02 0
00 00 F 78 5  3 0 3 0 3 0 3 0 EQUS " 0 0 0 0 0 1 "
0 0 0 0 F 7 8 9  3031
00 00  F78B 0 DO AO DO A EQUB 1 3 , 1 0 , 1 3 , 1 0
0 0 0 0 F 7 8 F  30303031 EQUS " 0 0 0 1 0 0 "
0 0 0 0 F 79 3  3 03 0
00 00 F 79 5  OOOA EQUB 1 3 ,1 0
OOOOF797 1*1 ERMESS EQUB 20
0 0 0 0 F 7 9 8  *1352*1020 EQUS "CRL 2 .3 6  "
0000F79C  322E3336
00 00  F7 AO 2 0 2 0
0000F7A2 30 3 0 3 0 3 0 EQUS " 0 0 0 0 0 1 "
0000F7A 6 3031
0 0 0 0 F7A8 2*12*1 EQUS
0000F7AA ODOA EQUB 1 3 , 1 0
( 0 5 2 5 )  71 71 ^8




2 5  META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  Andy G re e n /C R A S H  BARRIER
A.STRING CRL 2 . 3 6  SHORT Leq DATA AQUISITION UNIT
0 0 0 0 F7AC 0 0 0 0 0 0 0 0  HEXTBL FD3 $ 0 0 0 0 , $ 0 0 0 0 , 0 0 0 0 0 0 0 0
0 0 0 0 FfBO 96 8 00 09 8 FDB $ 9 6 8 0 , $ 0 0 9 8 , 1 0 0 0 0 0 0 0
0000F7B4 2D000V31 FDB $2D 00, $01 31 , 2 0 0 0 0 0 0 0
0000F7B 8 C38001C9 FDB $ C 3 8 0 ,$ 0 1 C 9 , 3 0 0 0 0 0 0 0
0000F7BC 5A 000262 FDB $ 5 A 0 0 ,$ 0 2 6 2 , 4 0 0 0 0 0 0 0
0000F7C 0 F08002FA FDB $ F 0 8 0 ,  $02FA, 5 0 0 0 0 0 0 0
OOOOF7C4 87 00 03 93 FDB $ 8 7 0 0 , $ 0 3 9 3 , 6 0 0 0 0 0 0 0
0000F 7C 8 1D80042C FDB $ 1 D 8 0 ,$ 0 4 2 C , 7 0 0 0 0 0 0 0
0000F7CC B40004C4 FDB $ B 4 0 0 ,$ 0 4 c 4 , 8 0 0 0 0 0 0 0
0000F7D 0 4 A80055D FDB $ 4 A 8 0 ,$ 0 5 5 D , 90 0 0 0 0 0 0
OOOOF7D4 0 0 0 0 0 0 0 0 FDB $ 0 0 0 0 ,$ 0 0 0 0 , 0 0 0 0 0 0 0 0
00 0 0  FTD8 4240 00 0F FDB $ 4 2 4 0 ,$ 0 0 0 F , 0 1 0 0 0 0 0 0
0 0 0 0 F7DC 8 4 8 0 0 0 1 E FDB $ 8 4 8 0 , $ 0 0 1 E, 0 2 0 0 0 0 0 0
0 0 0 0 F7E0 C6C0002D FDB $C 6 C 0 ,$ 00 2D , 0 3 0 0 0 0 0 0
0000F7E 4 0090003D FDB $ 0 0 9 0 ,$ 0 0 3 D , 0 4 0 0 0 0 0 0
0 0 0 0F 7 E 8  4640004C FDB $ 4 6 4 0 , $ 0 0 4 C, 0 5 0 0 0 0 0 0
0 0 0 0 F7EC 8D80005B FDB $ 8 D 8 0 ,$ 0 0 5 B , 0 6 0 0 0 0 0 0
0 0 0 0 F7F0 CFC0006A FDB $C-FCO, $006 A, 0 7 0 0 0 0 0 0
0 00 0  F7F4 1 2 0 0 0 0 7  A FDB $ 1 2 0 0 , $ 0 0 7 A, 0 8 0 0 0 0 0 0
0 0 0 0 F 7 F 8  54 40 00 89 FDB $ 5 4 4 0 , $ 0 0 8 9 , 0 9 0 0 0 0 0 0
0000F7FC  0 0 0 0 0 0 0 0 FDB $ 0 0 0 0 ,$ 0 0 0 0 , 0 0 0 0 0 0 0 0
0 0 0 0 F800 86A00001 FDB $ 8 6 A 0 ,$ 0 0 0 1 , 0 0 1 0 0 0 0 0
0 0 0 0 F 8 04  0D400003 FDB $ 0 D 4 0 ,$ 0 0 0 3 , 0 0 2 0 0 0 0 0
0 0 0 0 F 8 0 8  93E00004 FDB $ 9 3 E 0 ,$ 0 0 0 4 , 0Cf300000
0 0 0 0  F80C. 1A800006 FDB $ 1 A80, $ 0 0 0 6 , 0 0 4 0 0 0 0 0
0 0 0 0 F810 A12 00 00 7 FDB $ A12 0 ,  $ 0 0 0 7 , 0 0 5 0 0 0 0 0
0 0 0 0 F 8 1 4 27C 00009 FDB $ 2 7 CO,$ 0 0 0 9 , 0 0 6 0 0 0 0 0
0 0 0 0 F818 AE60000A FDB $AE60, $000A, 0 0 7 0 0 0 0 0
0000F81C  3500000C FDB $ 3 5 0 0 , $ 0 0 0 C, 0 0 8 0 0 0 0 0
0 0 0 0 F820 BBAOOOOD FDB $BBAO,$OOOD, 0 0 9 0 0 0 0 0
0 0 0 0 F 8 2 4 0 0 0 0 0 0 0 0 FDB $ 0 0 0 0 ,$ 0 0 0 0 , 0 0 0 0 0 0 0 0
0 0 0 0 F 8 2 S  2 7 1 0 0 0 0 0 FDB $ 2 7 1 0 ,  $ 0 0 0 0 , 0 0 0 1 0 0 0 0
0 0 0 0 F82C 4E 20 00 00 FDB $ 4 E 2 0 , $ 0 0 0 0 , 0 0 0 2 0 0 0 0
0 0 0 0 F830 7 5 3 00 00 0 FDB $ 7 5 3 0 . $ 0 0 0 0 , 00030000
0 0 0 0 F 8 3 4 9 C40 00 00 FDB $ 9 C 4 0 ,$ 0 0 0 0 , 0 0 0 4 0 0 0 0
0 0 0 0 F 8 3 8  C3500000 FDB $ C 3 5 0 ,$ 0 0 0 0 , 0 0 0 5 0 0 0 0
OOOOF83C EA600000 FDB $ E A 6 0 ,$ 0 0 0 0 , 0 0 0 6 0 0 0 0
0 0 0 0 F840 11700001 . FDB $11 7 0 ,  $0001 , 0 0 0 7 0 0 0 0
0 0 0 0 F844 38800001 FDB $ 3 8 8 0 ,$ 0 0 0 1 , 0 0 0 8 0 0 0 0
OOOOF84 8 5F900001 FDB $ 5 F 9 0 ,  $0001 , 0 0 0 9 0 0 0 0
0 0 0 0 F84C 0 0 0 0 0 0 0 0 FDB $ 0 0 0 0 ,$ 0 0 0 0 , 0 0 0 0 0 0 0 0
0 0 0 0 F 8 5 0  03E 80000 FDB $ 0 3 E 8 ,$ 0 0 0 0 , 0 0 0 0 10 00
0 0 0 0 F854 O7DOOO0O FDB $ 0 7 DO.$ 0 0 0 0 , 0 0 0 0 2 0 0 0
0 0 0 0 F858 0BB30000 FDB $ 0 B B 8 ,$ 0 0 0 0 , 00003000
00 00  F85C OFAOO'O'OO FDB $0 FAO,$ 0 0 0 0 , 0 0 0 0 4 0 0 0
0 0 0 0 F860 1 38 8 0 0 0 0 FDB $ 1 3 8 8 ,$ 0 0 0 0 , 0 0 0 0 5 0 0 0
OOOOF8S4 1 77 0 0 0 0 0 FDB $ 1 7 7 0 , $ 0 0 0 0 , 0 0 0 0 6 0 0 0
0 0 0 0 F 86 8 135 80 00 0 FDB $ 1 B58, $ 0 0 0 0 , 0 0 0 0 7 0 0 0
0000  F8 6 C 1F4 0 00 00 FDB $ 1 F 4 0 , $ 0 0 0 0 , 0 0 0 0 8 0 0 0
0 0 0 0 F870 2 3 2 8 0 0 0 0 FDB $ 2 3 2 8 ,$ 0 0 0 0 , 0 0 0 0 9 0 0 0
OOOOF874 0 0 0 0 0 0 0 0 FDB $ 0 0 0 0 , $ 0 0 0 0 , 0 0 0 0 0 0 0 0
0 0 0 0 F 87 8 0 0 6 4 0 0 0 0 FDB $00 6 4 ,  '$ 00 00 , 0 0 0 0 0 1 0 0
0 0 0 0 F87C OOCSOQOO FDB $ 0 0 CS, $ 0 0 0 0 , 0 0 0 0 0 2 0 0
0 0 0 0 F880 0 1 2C0000 FDB $ 0 1 2 C , $ 0 0 0 0 , 00000300
0 0 0 0 F884 0 19 0 0 0 0 0 FDB $01 90 , .$ 00 00 , 0 0 0 0 0 4 0 0
0 0 0 0 F888 0 1 f 40000 FDB $ 0 1 F 4 f $ 0 0 0 0 , 0 0 0 0 0 5 0 0
0 0 0 0 F88C 0 2 5 8 0 0 0 0 FDB $ 0 2 5 8 ,$ 0 0 0 0 , 0 0 0 0 0 6 0 0
0 0 0 0 F890 02BC0000 FDB $ 0 2 3 C ,$ 0 0 0 0 , 0 0 0 0 0 7 0 0
( 0 5 2 5 )  7 1 7 1 4 8
P a g e :  71
i
C 95
2 5  META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  A ndy G re e n /C R A S H  BARRIER
A .ST RING  CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
OOOOF894 0 3 2 0 0 0 0 0 FDB $ 0 3 2 0 , $ 0 0 0 0 , 0 0 0 0 0 8 0 0
0 0 0 0 F 8 9 8 0 3 8 4 0 0 0 0 FDB $ 0 3 8 4 ,$ 0 0 0 0 , 0 0 0 0 0 9 0 0
OOOOF89C 0 0 0 0 0 0 0 0 FDB $ 0 0 0 0 , $ 0 0 0 0 , 0 0 0 0 0 0 0 0
0 0 0 0 F8AO OOOAOOOO FDB $ 0 0 0 A ,$ 0 0 0 0 , 0 0 0 0 0 0 1 0
OOOOF8A4 0 0 1 4 0 0 0 0 FDB $ 0 0 1 4 ,$ 0 0 0 0 , 0 0 0 0 0 0 2 0
0000F8A 8 0 0 1 EOOOO FDB $001 E , $ 0 0 0 0 , 00000030
0000F8AC 0 0 2 8 0 0 0 0 FDB $ 0 0 2 8 , $ 0 0 0 0 , 0 0 0 0 0 0 4 0
0000F8B 0 0 0 3 2 0 0 0 0 FDB $ 0 0 3 2 ,$ 0 0 0 0 , 0 0 0 0 0 0 5 0
0 0 0 0  F8B4 003C 0000 FDB $ 0 0 3 C ,$ 0 0 0 0 , 0 0 0 0 0 0 6 0
0000F8B 8 0 0 4 6 0 0 0 0 FDB $ 0 0 4 6 , $ 0 0 0 0 , 0 0 0 0 0 0 7 0
0 0 0 0 F8BC 0 0 5 0 0 0 0 0 FDB $ 0 0 5 0 , $ 0 0 0 0 , 0 0 0 0 0 0 8 0
0 0 0 0 F8C0 005A 0000 FDB $ 0 0 5 A ,$ 0 0 0 0 , 0 0 0 0 0 0 9 0
OOOOF8C4 0 0 0 0 0 0 0 0 FDB $ 0 0 0 0 , $ 0 0 0 0 , 0 0 0 0 0 0 0 0
0 0 0 0 F8C8 00 0 1 0 0 0 0 FDB $ 0 0 0 1 , $ 0 0 0 0 , 00000001
0 0 0 0 F8CC 0 0 0 2 0 0 0 0 FDB $ 0 0 0 2 , $ 0 0 0 0 , 0 0 0 0 0 0 0 2
0 0 0 0 F8DO 00030000 FDB $ 0 0 0 3 , $ 0 0 0 0 , 0 0 0 0 0 0 0 3
0 0 0 0 F8D4 0 0 0 4 0 0 0 0 FDB $ 0 0 0 4 , $ 0 0 0 0 , 0 0 0 0 0 0 0 4
0000F8D 8 0 0 0 5 0 0 0 0 FDB $ 0 0 0 5 , $ 0 0 0 0 , 0 0 0 0 0 0 0 5
0 0 0 0 F8DC 0 0 0 6 0 0 0 0 FDB $ 0 0 0 6 ,$ 0 0 0 0 , 0 0 0 0 0 0 0 6
0 0 0 0  F8E0 0 0 0 7 0 0 0 0 FDB $ 0 0 0 7 ,$ 0 0 0 0 , 0 0 0 0 0 0 0 7
0 00 0  F8E4 0 0 0 8 0 0 0 0 FDB $ 0 0 0 8 , $ 0 0 0 0 , 0 0 0 0 0 0 0 8
OOOOF8E8 0 0 0 9 0 0 0 0 FDB $ 0 0 0 9 , $ 0 0 0 0 , 0 0 0 0 0 0 0 9
0 0 0 0 F8EC MEND
( 0 5 2 5 )  7 1 7 1  ^8
P a g e :  7 2
i
C 96
2 4  META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  A ndy  C-reen/CRASH BARRIER ( 0 5 2 5 )  7 1 7 1  4 8
A.ROOT CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  7 3
0 0 0 0 F8EC A.MONITOR
C 97

2 6  META ASSEMBLER 3 . ^OA ( C )  1 9 8 6  A ndy G r e en /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1 ^ 8
A.MONITOR CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  7 4
A.MONITOR MODULE
; t h i s  m o d u le  p r o v i d e s  a  way t o . " l o o k  i n t o "  a  68XX t a r g e t  
s y s t e m  f r o m  t h e  " S e r i a l  C o m m u n ic a to r "  p a r t  o f  META. I t  
' s  a l m o s t  e n t i r e l y  LOCAL s i n c e  i t  may n e e d  t o  be  i n c l u d e  
d i n  a n y  68XX p r o g r a m .
; t h e  r o u t i n e s  CSEND a n d  CGET a r e  s p e c i a l i s e d  t o  t h i s  p a r  
t i c u l a r  63 0 3  s y s t e m :  t h e y  s e n d  a n d  a w a i t  C h a r s  o n  t h e
RS232 l i n k  w i t h  t h e  BBC, v i s  t h r o u g h  t h e  D P -37  c o n n e c t o  r .
; MONITOR p ro g r a m  a s s e m b l e d  a t  c u r r e n t  ORG 
0000F8EC LOCAL 100
0 0 0 0 F8EC 
0 0 0 0 F8EC
OTEMP EQU make a  c o p y  o f  c u r r e n t  0  
RG
0 0 0 0 0 1 0 0
0 0 0 0 0 1 0 0
0 0 0 0 0 1 0 0 .DMPSTRT
ORG
DS.W
$ 0 1 0 0 d e f i n e  c o n s t a n t s / s t o r a g e  
a r § a  i n  RAM
0 0 0 0 0 1 0 2  
0 0 0 0 0 1 0 2
ACCA DS.B s t o r a g e  f o r  a c c u m i l a t o r  
A
00000103 
0 0 0 0 0 10 3
ACCB DS.B s t o r a g e  f o r  a c c u m i l a t o r  
B
00 00 01 04 XREG DS.W s t o r a g e  f o r  X i n d e x
0 0 0 0 01 06
0 0 0 0 0 1 0 6
PC DS.W s t o r a g e  f o r  P r o g r a m  Coun 
t e r
0 0 00 01 08
0 0 0 0 0 1 0 8
CCR DS.B s t o r a g e  f o r  C o n d i t i o n  Co 
d e  R e g i s t e r
0 00 0 0 1 0 9  





" c u r s o r "  p o s i t i o n
000001 o c XTEMP DS.W t e m p o r a r y  s t o r a g e
0 0 0 0 0 1 0E TEMPW DS.W t e m p o r a r y  s t o r a g e
0 0 0 0 0 1 1 0
0 0 0 0 0 1 1 0
STACK DS.W s t o r a g e  f o r  s t a c k  p o i n t e  
r
0000F8EC 
0 0 0 0 F8EC
ORG OTEMP b a c k  t o  w h e r e  we l e f t  o f  
f . .
CSEND
; s e n d  t h e  
B,X





0 0 0 0 F8EE D611 




/ # o o i 0 0 0 0 0
00 00  F8F2 2 7 FA 
0 0 0 0  F8F4 










2 6  META ASSEMBLER 3 . 4 0 A  (C )  1 9 8 6  A n d y  G r ee n /C R A S H  BARRIER ( 0 5 2 5 )  7 17 1  ^8
A.MONITOR CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  7 5
o o o o f8 f 4 
000 0  F8F4 
0 0 0 0  F8F6 
0 0 0 0  F8F8  
0 0 0 0 F8FA 2 7 FA 
0000F8FC  38  
0000F8FD  33  















0 0 0 0 F 8 F F  3C 
00 0 0 F 9 0 0  D611 
0 0 0 0 F 9 0 4  27FA 
0 0 0 0 F 9 0 6  961 2 
0 0 0 0 F 9 0 8  38 
0 0 0 0 F 9 0 9  39
CGET
; " g e t "  a  c h a r a c t e r  r o u t i n e ;  l o o p s  u n t i l  c h a r a c t e r  r e c e i v  
e d .  E x i t  w i t h  c h a r a c t e r  i n  Acc A, X p r e s e r v e d .
PSHX





; RESET e n t r y  p o i n t  
.MONITA
Q000F90A 71 EF11 AIM %11101111 ,TRC
0000F90D SR1
0 0 0 0  F90D B F0110 STS STACK
0 0 0 0 F 9 1 0 CEF91C LDX #SSTRING
0000F91 3 BDFB86 JSR MSG
0000F91 6 BDFA24 JSR REGDIS?
0000F91 9 7EFA7E JMP PROMPT
; s t a r t - u p  s t r i n g
0000F91C  OC SSTHING EQUB 12 :
0000F 91D  2D2D2D2D EQUS 11 *........  6 30 3  MO
0 0 0 0 F921 2 03 6 3 3 3 0 NIT O R ------- "
COCOF925 33204D4F
0 0 0 0 F 9 2 9  4E 49544F  
0 0 0 0 F92D 5 2 2 0 2 D2D 
0 0 0 0  F931 2D2D
000C F933 ODOA EQUB 1 3 , 1 0
OOOOF935 2 84 3 2 9 2 0 EQUS " ( C )  JOHN HOL
0 0 0 0 F 9 3 9 4A4F484E DING 1 9 8 6 "
OOOOF93D 20 484  F4C 
OOOOF941 44494E 47 
OOOOF945 2 0 3 1 3 9 3 8
OOOOF949 36
OOOOF94A ODOA EQUB 1 3 , 1 0
OOOOF94C 00 EQUB O '
{ " h e l p "  m e s s a g e  s t r i n g
c  9 9

2 6  MKT A ASSEMBLER 3 .  4 0  A (C )  1 9 8 6  A n d y  G r e en /C R A S H  BARRIER




0 0 0 0 F 9 5 7
OOOOF95B
OOOOF95F
0 0 0 0 F 96 0




0 0 0 0 F 9 72
OOOOF976
OOOOF977
OOOO F 97 9
OOOOF97D
OOOOF981




0 0 0 0 F 9 9 5
OCOOF999
0 0 0 0 F99B
OOOOF99D
0000F9A1
0 0 0 0 F9A5
0 0 0 0 F9A9
0000F9AD
0 0 0 0  F9B1
OOOOF9B3
0 0 0 0 F9B5
00 00  F9B9
0 00 0  F9BD
0 0 0 0 F9C1
OOOOF9C5
0 0 0 0 F9090000F9CD
0 0 0 0 F9CF
OOCOF9D3
0 0 0 0  F9D7
00 00  F9DB
0000F9DF
0 0 0 0  F9E3
0000F9E7












206F 6E 65  





53 74 6 F7 2 
6 5 2 0 5 8 5 8  
2 0596E 74  
6 F 2 06 37 5  
7 27 26 56 E  




5 2 6 5 6 4 6 9  
7 3 7 0 6  Co 1 
7 920 52 65  
6773 
ODOA 
4 7 3 0 5 8 5 8  
5 8 5 8 3E 2 0  
4D6F7665 
2 0 7 0 6 F73 




4 5 7 8 6 5 6 3  
7 5 7 4 6 5 2 0  
66726F6D  
2 0 6 3 7 5 7 2  726 5 6 E74 













1 3 , 1 0
»<RTN> N ex t 
B y te "
13, 10
Back 
o n e  b y t e "
13,10
"<XX> S t o r  
e  XX i n t o  c u r  
r e n t  p o s . "
1 3 , 1 0
"R
s p l a y
R e d i
R e g s"
1 3 , 1 0
"G<XXXX> Move 
p o s  t c  XXXX"
■ 13 ,10
"X ' Exec 
u t e  f r o m  c u r r  
e n t  p o s "
EQUB 13 , 10,0
{ r e g i s t e r  h e a d i n g s
0 0 0 0 F9F2 ODOA 
OOOOF9F4 2 0 5 0 4 3 2 0  
OOOQF9F8 2041 4343 
0 0 0 0 F9FC 412041 43 
0000FA00 4 3 4 2 2 0 5 8  
0 0 0 0 FAO4 5 2 4 5 4 7 2 0  
0 0 0 0 FAO8 43435220
RSTRING EQUB 1 3 , 1 0
EQUS " P C  ACCA AC
CB XREG CCR
( 0 5 2 5 )  7 1 7 1 4 8
P a g e :  7 6
C 1 0 0

2 6  META ASSEMBLER 3 .H 0 A  ( C )  1 9 8 6  Andy G r een /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1 4 8
A.MONITOR CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  7 7
0 0 0 0 FAOC 2 0 53 50
0 0 0 0 FAOF ODOAOO EQUB 1 3 , 1 0 , 0
; command k e y s  l i s t
0 000FA 12 OD CO ML 1ST EQUB 13
0000FA1 3 1I7582D52 EQUS "GX-RH"
0 0 0 0 FA1 7 H8
;ju m p  t a b l e  f o r  e a c h o f  t h e  commands a b o v e
0000FA1 8 FB29 COM'/EC FDB INCPC ;m ove o n  o n e  b y t e
0 0 0 0 FA1 A FB52 FDB GOTO ;"GOTO" a  new a d d r e s s
0000FA1C FB43 FDB EXEC ; "EXECUTE” f r o m  c u r r e n t
0 0 0 0 FA1E a d d r e s s
0000FA1 E FB33 FDB DECPC ;move b a c k  a  b y t e
0000FA20 FB3D FDB REP REG ; r e p e a t  r e g i s t e r  v a l u e s
0000FA 22 f r o m  l a s t  SWI
0 0 0 0 FA22 FB20 FDB HELP ; p r i n t  u p  t h e  "HELP" l i s
0 0 0 0 FA2H t
; d i s p l a y  r e g i s t e r  v a l u e s  a s  r e c o r d e d  on  e n t r y  i n t o  mon
i t o r
0000FA 21! CEF9F2 REGDISP LDX #RSTRING
0000FA27 BDFB86 JSR MSG
0 0 0 0 FA2A B 60106 LDAA PC
0 0 0 0 FA2D BDFBAE JSR HEX
0 0 0 0 FA30 B60107 LDAA PCM
0 0 0 0 FA33 BDFEAE JSR HEX
0 0 0 0 FA36 BDFBA8 JSR SPACE2
0000FA39 B60102 LDAA ACCA
0000FA3C BDFBAE JSR HEX
0 0 0 0  FA3F BDFBA5 JSR SPACES
0000FA1J2 B60103 LDAA ACCB
0000FAH5 BDFBAE JSR HEX
0 0 0 0 FAM8 BDFBA8 JSR SPACE2
OOOOFA^B B6010H LDAA XREG
OOOOFAilE BDFBAE JSR HEX
0 0 0 0 FA51 B60T05 LDAA XREG-M
0 0 0 0 FA54 3DFBAE JSR HEX ■
0000FA57 BDFBA8 JSR SPACE2
0 0 0 0 FA5A B 60108 LDAA CC-R
0000FA5D BDFBAE JSR HEX
0 0 0 0 FA60 BDFBAO JSR SPACE1
OOOOFA63 B60110 LDAA STACK
OOOOFA66 BDFBAE JSR HEX
OOOOFA69 B 60111 LDAA STACK+1
0 00 0  FA6C BDFBAE JSR HEX •
0 0 0 0 FA6F 860D LDAA #1 3
0000FA71 BDF8EC JSR CSEND
00 00  F M k 860A LDAA #10
0 0 0 0 FA76 7EF8EC JMP CSEND
0 0 0 0 FA79 860A LDA n o  .
0 0 0 0 FA7B 7EF8EC JMP CSEND.
C 101

2 6  META ASSEMBLER 3 . 4 0 A  (C )  1 9 8 6  A n d y  G r e e n /C R A S H  BARRIER
A.MONITOR CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
( 0 5 2 5 )  71 71 ^8
P a g e :  7 8
jm a in  p ro m p t  r o u t i n e
0 0 0 0 FAYE 8 6 0 D PROMPT LDAA
0 0 0 0 FA80 BDF8EC JSR
OOOOFA83 860A LDAA
0000FA85 BDF8EC JSR
OOOOFA88 B 60109 PROMPT1 LDAA
0000FA8B BDFBAE JSR
0 0 0 0 FA8E B6010A LDAA
0 0 0 0  FA91 BDFBAE JSR
0 0 0 0 FA94 BDFBAO JSR
0000FA97 FE0109 LDX
0 0 0 0 FA9A A600 LDAA
0000FA9C 84 7F  ANDA
0000FA9E 8 1 2 0  CMP A
0 0 0 0  FAAO 2F04 BLE
00 00  FAA2 81 7 F CMP A
0000FAA4 2602  BNE
00 0 0  FAA6 862 E DOT LDAA
0000FAA8 BDF8EC D0T1 JSR
0 0 0 0 FAAB BDFBAO JSR
OOOOFAAE FE0109 LDX
0 0 0 0 FAB1 A600 LDAA
0000FAB3 BDFBAE JSR
0 0 0 0 FAB6 8 6 3 A LDAA
0 0 0 0 FAB8 BDF8EC JSR
OOOOFABB BDF8FF IGNORE JSR
00 00  FABE 81 OA CMP A
0 0 0 0 FACO 2 7 F9 BEQ
0000FAC2 CEFA12 LDX
0 0 0 0 FAC5 C600 LDAB
0000FAC7 A100 PRO CMPA
0 0 0 0 FAC9 272E  BEQ
0 0 0 0 FACB 08  INX
0 0 0 0 FACC 5C INCB
0 0 0 0 FACD 5C INCB
OOOOFACE C10C CMPB
OOOOFADO 26F5 BNE
0000FAD2 8130  CMPA
0000FAD4 2 DOC BLT
0 0 0 0 FAD6 8 14 6  CMPA
0000FAD8 2E08 BGT
0 0 0 0 FADA 8 13 9  CMPA
OOOOFADC 2F07 . BLE
0 0 0 0 FADE 8141 CMPA
0 0 0 0 FAEO 2C03 BGE
0 0 0 0 FAE2 7EFA7E NOTHEX JMP
0 0 0 0 FAE5 CEOOOO ISHEX LDX
0 0 0 0 FAE8 FF010E STX
OOOOFAEB BDFBCE JSR
OO0OFAEE B 6010F  LDAA
OOO0FAF1 FE0109 LDX
0000  FAF4 A700 STAA
0000FAF6 7EFB29 JMP












0 ,X  
#5601111111 



























# 'A 1 












2 6  META ASSEMBLER. 3 . ^OA ( C )  1 9 8 6  Andy G re e n /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1  4 8
A.MONITOR CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  7 9
0000FAFF OC 
0000FB 00 F 9010F  
0000FB 03 F7010F 
0000FB 06 F6010E 
0 0 0 0 FB09 C900 
OOOOFBOB F7010E 
00 0 0  FBOE FE010E 
0 0 0 0 FB11 A600 
0 0 0 0 FB1 3 B7010C 
0000FB1 6 A601 
















0000FB 20 CEF94D 
0 0 0 0 FB23 BDFB86 
0 0 0 0 FB26 7EFA7E
0000FB29 FE0109 
0000FB2C 08  
0000FB2D FF0109 
0 0 0 0 FB30 7EFA88
OOOOFB33 FE0109 
0 0 0 0 FB36 09 
OOOOFB37 FF0109 
0 0 0 0 FB3A 7EFA7E
0000FB3D BDFA24 
0 0 0 0 FB40 7EFA7E




























{ e x e c u t e  f ro m  c u r r e n t  a d d r e s s
0 0 0 0 FB43 FE0109 
OOOOFB46 721011 
0 0 0 0 FB49 
0 0 0 0 FB49 OE 
0 0 0 0 FB4A ADOO 
0000FB4C 71E F 11 




0000FB 58 FF0109 
0 0 0 0 FB5B 7EFA7E
EXEC LDX
0 1 M










550001 0 0 0 0 ,  TRC {RECEIVE INT NOT RE ENAB 
SR1 LED
0 ,X








2 6  META ASSEMBLER 3 . 4 0  A (C )  1 9 8 6  Andy G r e e n /C R A S H  BARRIER
A.MONITOR CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
;SWI e n t r y  p o i n t  
.SWI
0000FB5E 71EF11 AIM %111011 11 , TRC
0000FB61 SR1
0000FB61 B70102 .MONITB STAA ACCA
OOOOFB64 32 PULA
0000FB 65 B70108 STAA CCR
0000FB 68 F70103 STAB ACCB
0000FB6B FF0104 STX XREG
0 0 0 0 FB6E 32 PULA
OOOOFB6F 32 PULA
0000FB 70 32 PULA
0 0 0 0 FB71 32 PULA
0 0 0 0 FB72 32 PULA
0000FB 73 B70106 STAA PC
0000FB76 B70109 STAA CUR
0000FB 79 32 PULA
0000FB7A B70107 STAA PC+1
0000FB7D B7010A STAA CUR+1
0000FB 80 BF0110 STS STACK
0 0 0 0 FB83 7EF90A JMP
0 0 0 0 FBAO 8620 SPACE1 LDAA #32
0 0 0 0 FBA2 7EF8EC JMP CSEND
0 0 0 0 FBA5 BDFBAO SPACES JSR SPACE1
0 0 0 0 FBA8 BDFBAO SPACE2 JSR SPACE1
OOOOFBAB 7EFBA0 JMP SPACE1
•X- X X X X X X X X X X X X X X X X X X X X X- X X X X X X X X X X
( 0 5 2 5 )  7 1 7 U 8
P a g e :  8 0
i
C 104
2 6  META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  Andy G re en /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1  4 8
A.MONITOR CRL 2 . 3 6  SHORT L e q  DATA ACQUISITION UNIT P a g e :  81
{ d i s p l a y  b i n a r y  v a l u e  i n  Acc A a s  tw o  h e x  ASCII d i g i t s
0000FBAE 36 HEX PSHA
0000FBAF H7 ASRA
0 0 0 0 FBBO 47 ASRA
0000FBB1 47 ASRA
0 0 0 0 FBB2 47 ASRA
0 0 0 0 FBB3 BDFBB7 JSR HEX1
OOOOFBB6 32 PULA
0000FBB7 84 0F HEX1 ANDA #5600001111
0 0 0 0 FBB9 8A30 ORAA # ' 0 '
0000FBBB 81 3A CMPA # •  :*
0000FBBD 2D03 BL-T HEX2
OOOOFBBF OC CLC
0 0 0 0 FBCO 8 90 7 ADCA #7
0000FBC2 7EF8EC HEX2 JMP CSEND
; a w a i t  an i n c o m i n g  h e x  number t e r m i n a t e d  by CR ( $ D ) .  Ma 
y be any number o f  d i g i t s ,  b u t  o n l y  l a s t  f o u r  r e t u r n e d  i
n th e  2 - b y t e  r e s u l t s t o r e  "TEMPW”
0000FBC5 CE0000 GETHEX LDX #o
0000FBC8 FF010E STX TEMPW
00 00  FBCB BDF8FF GH1 JSR CGET
0 0 0 0 FBCE 81OD GH1 A CMPA #1 3
00 00  FB DO 2604 BNE GH2
0 0 0 0 FBD2 BDF8FF JSR CGET
00 00  FBD5 39 RTS
0 0 0 0 FBD6 8130 GH2 CMPA # ’0 '
0000F3D 8 2 DOC BLT GH3
0 00 0  FB DA 81 46 CMPA # 1F *
OOOOFBDC 2E08 BGT GH3
0 0 0 0 FBDE 8141 CMPA #»A '
0000FBE0 2C0C BGE GK4
0000FBE2 8139 CMPA # 19 *
0 0 0 0 FBE4 2 FOB BLE GK5
0 0 0 0 FBE6 8607 GH3 LDAA #7
0000FBE8 BDF8EC JSR ■CSEND
0 0 0 0 FBEB 7 EFBCB JMP GUI
OOOOFBEE OD GH4 SEC
COOOFBEF 8 20 6 SBCA > i i—i o +
0000FBF1 OD GH5 SEC
0 0 0 0 FBF2 8230 SBCA # ,0 I
0 0 0 0 FBF4 4C INCA
00 00  FBF5 48 AS LA
00 00  FBF6 48 AS LA
0000FBF7 48 AS LA
00 00  FBF8 48 ASLA
0 0 0 0 FBF9 OC CLC
0 0 0 0 FBFA 48 ASLA
OOOOFBFB 7901 OF ROL TEMPW+1
0 0 0 0 FBFE 7 9 0 1 OE ROL TEMPW
OOOOFCOi OC CLC
C 105
2 6  META ASSEMBLER B-^OA ( C )  1 9 8 6  Andy G r een /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1  4 8
A.MONITOR CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  8 2
0000FC 02 H8 ASLA
0000FC 03 7901 OF ROL TEMPW+1
0000FC 06  7 9 0 1 OE ROL TEMPW
0 0 0 0 FCO9 OC CLC
OOOOFCOA J|8 ASLA
OOOOFCOB 7901 OF ROL TEMPW+1
OOOOFCOE 7901 OE ROL TEMPW
0000FC11 OC CLC
0 0 0 0 FC12 H8 ASLA
0 00 0 F C 1 3 7901 OF ROL TEMPW+1
0000FC1 6 7901 OE ROL TEMPW
0 0 00 F C 19 7EFBCB JMP GH1
0 0 0 0 FC1C MEND
C 106

2 5  META ASSEMBLER 3 . J10A ( C )  1 9 8 6  A ndy G re e n /C R A S K  BARRIER ( 0 5 2 5 )  7 1 7 1  ^8
A.ROOT CRL 2 , 3 6  SHORT L e q  DATA ACQUISITION UNIT P a g e :  8 3
0000FC1C SKIP $ F F E A -* , $FF f i l l  w i t h  FF f o r  ep ro m  p
0000FC1C ro g ra m m e r
xxxxxxxxxxxxxxxxxxxxxaxxxxxxxxxx
0000FFEA ORG $FFEA i n t e r r u p t  v e c t o r  l a b e l  i
0000FFEA n i t i a l i z a t i o n
OOOOFFEA A.INTVECT i n i t i a l i z e  p r o c e s s o r  r e g
0 0 0 0 FFEA i s t e r s
C 107
2 7  META ASSEMBLER 3.*J0A (C )  1 9 8 6  A ndy  G r e e n /C R A S H  BARRIER ( 0 5 2 5 )  7171*18
A.INTVECT CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  8*1
A.INTVECT MODULE
jm o d u le  t o  w r i t e  i n t e r r u p t  v e c t o r i n g  l o c a t i o n s  ' 
x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
0000FFEA E983 FDB IRQ2 i n t e r r u p t  r e q u e s t  2
0000FFEC E983 FDB CMI t i m e r  2 c o u n t e r  m a tc h
0 0 0 0 FFEE EOOO FDB TRAP u n d e f i n e d  o p c o d e / i l l e g a l
00 00FF F 0 a d d r e s s
0 0 0 0 FFFO ED22 FDB SIO s e r i a l  I / O  (RDRF+ORFE+TD
0000FFF2 RE)
0000FFF2 E985 FDB TOI t i m e r  1 o v e r f l o w
0000FFF4 E983 FDB OCI t i m e r  1 o u t p u t  c o m p a re  1
0000FFF6 , 2
0000FFF6 E983 FDB IC I t i m e r  1 i n p u t  c a p t u r e
OOOOFFF8 E983 FDB IRQ1 i n t e r r u p t  r e q u e s t  1
0000FFFA FB5E FDB SWI s o f t w a r e  i n t e r r u p t
OOOOFFFC E96D FDB NMI n o n - m a s k a b l e  i n t e r r u p t
OOOOFFFE EOOO FDB RES r e s e t  p r o g r a m  s t a r t  v e c t
0 0 0 1 0 0 0 0 o r
X X X # X X X X X X X X X X X X X X X X X X X X X X X X X X X X
0 0 0 1 0 0 0 0 MEND
C 108
2 6  META ASSEMBLER 3,*10A ( C )  1 9 8 6  Andy G re e n /C R A S H  BARRIER
A.ROOT CRL 2 . 3 6  SHORT L e q  DATA ACQUISITION UNIT
X # X # # X X # X X # X # # X X # X # X # X X # X X # X X X X X
0 0 0 1 0 0 0 0  END
( 0 5 2 5 )  7 1 7 1  *18
P a g e : 8 5
C 109

2 6  META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  A ndy G re e n /C R A S H  BARRIER
A.ROOT CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT
( 0 5 2 5 )  71 71 4 8
P a g e :  8 6
S ym bol T a b l e :
ACTYPE.. 
ADLINA..
. GBL . . . . . 4 7
• GBL . ........... 1
ADWAIT3. .GBL . . . E 6 6 8
ADWAIT.. .GBL .- . .E9BE
ASCDN1. . .GBL . . .FODE
A C C B . . . . . 1 0 0  . . . .  103
BATTLOW. .GBL . . .E9AB
BADMESS; .GBL . . . EF7C
BCDTAB2. .GBL . . .F17D
C O D E . . . ; .GBL : . . . .  48
CUMBCD..
c u m d o se :
.GBL . . . .  .4 E
• GBL . . . ' . . '  CC
CALDNF.. .GBL, . . . . .  DA
CIRRU S.. .GBL . . . . . . .  1
C0DE1 . ; . .GBL . . . . .  18
C0DE4. ;  . . GBL • . ' .‘ . ' .  88
CALOK.. . .GBL . . . E2ED
CHDB1 . . . .GBL . . . E464
CUMCNEND .GBL . . . EB2A
COUNT... . 1 0 0  . . , .1 0B
CO ML 1ST. . 1 0 0  . , .  FA1 2
DATACNT. .GBL . . ; . .  52
DATADIF. .G3L ; , . . . C A
DOWRT.. .' . GBL . . .  H,4 2 3
DCALWRT. .GBL . . .E 5 4 7
DOCUMUP. .GBL . . . E84A
DOCONV.. .GBL . . .E9B2
DOESC.. . . GB u . . »ED3 i
DORTI. . . .GBL . . . SE95
DOTX1' ’ ’ ; .  EFAC 
. . F072DATADN.. .GBL .
DOT. 100 . . ;  FA A 6
EPROM.. . .GBL . . . . .  .0
ERRHOLD. .GBL ' ; ; ;  : d 8
ESCSTR.; .GBL . .L F 71 d
F R C . . . . . .GBL .' . . . . .  9
F ID D L E .. . GB L, ; . .ED1 4
GH1 . . . ;  .; 100 . .' . F3CI3 
. .  FBE6GH3.. . . . . 1 0 0  .




.GBL • ' ' A8
HIMIDST. . 4 . . .  El 4 B
H I S T . . . . . 1 1  . . . E 7 3 4
HIMIDST. . 1 3  . . . E 8 8 9
H I S T . . . ; . 16 . . ; EA95
HDRBNK1 . .GSL . . .  F02A
HSTRING. . 1 0 0  . ; . F94 D
HE XI . . . . 1 0 0  . . .  FBB7
INTRPRT; .GBL ; ; E31 5
IR Q 1. . . ; .GBL . . . E983
IDMESS;. .GBL . . .F74D




. . . . . 3 0  
. . . . . 6A
ADLOAD...GBL
A D P S U .. . .G B L
. . . 3 7
____ 0
A D L EQ ... .G BL ; ; ; ; ; .  2 ADWAIT2 ; .GBL « * . E620
ADWAIT4..GBL . . . E 6 B 0 ADSTRT...GBL « . .E9B8
ADMISS.. ' .GBL ; . . E 9 C 4 ADWAITT; ;GBL * . . ECFA
ASCDN2;. .GBL . . .  FOFA ACCA.. . . .  10 0
BYTCTR. . .GBL ; ; . . .  B5 BCDOVF.; ."GBL
BIGDAT1 . .GBL . . .  EB07 BIGDAT2..GBL • • . EBC5
BNKDONE;.GBL . . . EFF3 BCDTAB1. .GBL « . .F 15D
BCDTAB3..GBL . . . F 1 9 D BCDTAB4..GBL # . .F1BD
CHDSTRT. .GBL ; ; . . . 4 9 CUMBIN..' . GBL
C0DU3E.. .  GBL . . . . . C4 CALFLG...GBL . . . C 7
CUMTIivlE; . GBL ; ; ; . . c f CALOFF.; .GBL ; . . D 5
CALVAL...G3L . . . . . D C CALKCNT. .GBL
C A L .. , .  .GBL, 11 CUMLEQ...GBL
C 0 D E 2 . . . .G B L . . . . . 2 8 C 0 D E 3 . . . .G B L . .  . 4 8
CALPH. . . .G B L . . . E 2 4 8 CALMOD. . .GBL ." E253
CALEND...GBL . . . E30E CONVCMP. .GBL # * .E3D2
CHDBDN.. .GBL . .  ;E 4 6 7 CMI____ . .G B L .E 9 8 3
C CR.. . . . . 1 0 0 . . . . 1 0 8 CUR. v . . .  10 0
c s e n d . . . - ;  100 ; . . F 8 E C CGET.; ; ; ;  100 . F8FF
COMVEC.. . 1 0 0 . . .  FA18 D A T A .. . . .G B L . . . 5 0
DBLANKF.;GBL ; ; . . .6B DS CRT CH. .GBL ; .  . 7 4
DOCAL... .G BL . . . E303 DOPAUSE. .GBL
DOLAST.. .GBL ; . . E 4 4 5 D0LAST1 . . GB L • « .E 45B
DONOUP.. ;GBL . . . E 7 9 D DOHAXUP..GBL # . . E7AF
DOLEQUP;.GBL ; . ;  E8E5 DOLCD...-.GBL .E 8E9
DTIMCMP. .GBL . . . EB96 DORX.. . . .GBL s . .ED2B
DONUM....GBL ; .  .ED82 DO D IG S . . .GBL «. ; ED94
POMESS.. .GBL, . . . EEBO DOTX.. . .  .GBL . EFA3
D01 6 BIT.' .GBL ; ; ; EFE3 DOBNKO;. .GBL • • . F046
DOHDR.. . .  GBL . . .  F079 DMPSTRT. .GBL . . 1 0 0
D0T1. . . . . 1 0 0 ; . ; FAA8 DECPC.. . . 1 0 0 • . .FB33
ERRFLAG;. GBL . . . . . 5 5 ERRSTAT. .GBL # • . . .  D7
E IG T H .. ;  . GBL ; ; ; ; ;  14 ENDPG.. ;  ;GBL • • ;EE95
ERMESS.. .GBL ; . . F 7 9 7 E X E C .. .  . . 1 0 0 • • . FB43
FU LL.. . . . G B L ; ; .E C 5 1
. . . F B 5 2
F ID L T S T ;; GBI ECFA
GOTO;. . . .  1 00 GETHEX.. . 1 0 0 • • . FBC5
GH1 A . ; ; ; ;  100 : ; ; FBCE GH2. . . ; ; ; 1 0 0 ; FBD6
GH4. ; . . . ;  100 . . . FBEE G H 5 . . . . . . 1 0 0 • . FBF1
HLPTR;. ;  ;GBL ; . ; . . 5 7 HDRFLD.; ; g b l
H I32VL2; .GBL . . . . . 7  A HDRSTRT. .GBL . ; ,  A6
HSTRTPG; .GBL . . ; ; .  B4 HDo303Y;.GBL
H I S T . . . . .  4 . . .  E168 HIM IDST.. 11 • • .E 7 1 7
H IMIDST;; 12 , . ;E7EE H I S T . . . . ;  12 • • ; E80B
H I S T . . . . .  13 . .  .E8A6 H IM ID ST.. 16 . EA78
HIMIDST.. 17 ; ; ;£CA4 H I S T . . . . .  17 ;ECC1
HLOOK,. . .GBL ; . .F 1 C D HEXTBL.. .GBL • . . F7AC
HELP. 100 ; ; ; FB20 H E X . . ; ; ; . 1 0 0 • . ; FBAE
HEX2. . . . . 1 0 0 . . . FBC2 I C R . . , . . . G B L . . . . D
IR Q 2 ; , ; ; ; GBL ; ; . E983 I C I ; ; ; ; ; ; G B L ;E 9 8 3
I  NT R E S ; . .GBL . . ; E 9 E C IN T O F . . . .G B L .F 1 4D
ITM ESS;; ;G B L ; ; . F ? 7 A IG N O R E ;; ;1 00 ; FABB
I M C P C ; . . . 1 0 0 . . . F B 2 9 KEYVAL; . .GBL . . . 4 1
KE YTE^P; ;GBL . ; ; . . 4 3 KENCNT;; .GBL
C 110

2 6  META ASSEMBLER 3 . 4 0 A  (C )  1 9 8 6  A n d y  G re e n /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1 4 8
A.ROOT CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  8 7
KENFLG...GBL . ------ C5 KEYLOOP.. 3 . . . E020 KEY TST...  3 . E04E
KEYCOMP.. 3 . . .E05C k e y o k . . ; ;  3 . . ;  E064 KEYRET;; ;  3 E069
KEYLOOP.. 6 . . .  E1 F4 KEY TST...  6 . . . E222 KEYCOMP.. 6 . . E230
K E Y O K .. . .  6 . ; ; E238 KEYRET;; ;  6 ; . .E 2 3 D L C D IG .. ; ;GBL . . 3 2
L E D S . . . . .G B L  . . . . . 3 6
.... r  in LCDWORD..GBL . . . . . 4 4 LEDS REG.. GBLLCDMAXUP. GBL . . . . . 6D LCDCUMUP.GBL . . . ; ; 6E LCDLEQUP.GBL
LCDNOUP.;GBL . . . . ' .  71 LEDSONF. .GBL . . . . . 7 2 L032VL1. .GBL . . 7 8
L 032VL2;.G BL . . . .  .7 C L IN C T R .. .  GBL . . ; ; ; B6 LOGTIME. .GBL
LINASTR. .GBL * . . . . DB LE DE N AB L • GB L . ; . .  .21 LE QN 0 . . .  * GB L
L O S T R . . ; .  4 . ; ; E127 LOMIDST.. 4 ; ; ;  E130 LINPOST.' .'GBL • • E633
LINPOS2. .GBL . . . E67B L IN P 0 S 3 . .G B L  ; . . E6C3 L O S T R . . . .  11 E6F3
LOMIDST.. 11 . : .  E6FC L O S T R . . ; . '  12 . ; ;  E7 CA LOMIDST;; 12 E7D3
L O S T R . . . .  13  . . . E865 LOMIDST.. 1 3  . . . E86E LOGAIN...GBL EA2B
L O S T R . . ; ;  16 ; ; ;EA54 LOMIDST.; 16 ; ;;EA5D L O S T R . ; ; ;  17 • • EC80
LOMIDST.. 17 . . .E C 8 9 L IN P O S .. .G B L  . ..EDGE L0GTAB1. .GBL • • F1ED
LOGTAB2. .'GBL . . . '  F5ED MAXBIM;; .GBL ; ; ; . . 5A MAXBCD.. .GBL . .  5C
MONFLG...GBL . . . . . C O MEMLBIN. .GBL ; . . . .  E1 t^IEMLBCD. .GBL . .  E3
MAXLEQ;; .GBL . . . . . 8 2 M LO OP... .G BL ; ; ;E 1 B F m X O K . . ;  .GBL. EAD4
MESSOKO..GBL . . .EEC2 MESS0K1. .GBL „' . .EPOO MESS0K2;.GBL v « EF34
MESS0K3..GBL . . .  EF68 MOREMES; .'GBL . ; ; EFE2 MON IT  A . ; .'GBL F90A
MONITB...GBL . . . FB61 MSG____ . . 1 0 0  . . . FB8b M E S S G . . . . 1 0 0 # , FB86
M S G 3 . . . . : 1 0 0  ; ; ; FB92 m s g i . . ; ; ; 1 0 0  . ; ;F B 9 F NOBIN.. . ; GBL
NOTYPE...GBL . ____ 70 NUMMODE..GBL . . . . . 7 E NOBCD;.. .GBL . .C1
NRAMOK.; .GBL . ; ;  E0C2 NMON.. . .  .'GBL . .;E 1C B N K E Y P . . .G B L « # El D8
N OK EY ... .GBL . . . E240 NCALCLR;.GBL . ; . E270 N 9 4 D B . . . .G 3 L • • E27B
N104DB. ; .G B L  ; . . E 2 8 6 N117DB. ; .G B L  . . ;E291 N124DB;;;GBL E29A
NUP1DB...GBL . . .E 2 B 3 NDN1 D B ;. .GBL . . .  E2C2 NUPPT1 DB.GBL E2CD
NCALMOD. .GBL . ; . E30E NLF.DKEY; .‘GBL . ; .E 3 2 B NSHRTLEQ.GBL t* * E347
NMAXLEQ..GBL . . . E 3 6 3 NCUMLEQ. .GBL . . . E 3 7 F NLEQNO.. .GBL f # E3A9
NXEMPTY..GBL ; . ; E3EC NFULL1. . .GBL ; ; ; E 3 F 7 NHD0VF1. ,'GBL « • E475
NHDOVF2. .  GBL . . .  E4 92 NHD0VF3. .GBL .' . ;  E4 A8 NPGCHNG; .GBL E4B5
NNULL.. ;  .'GBL . ; ;  E4 CE NHD0VF4; .'GBL . ; ;  E4 eb NHD0VF5..GBL E501
NHDOVF6..GBL . . . E514 NHD0VF7..GBL . . . E520 N 1 8 . . . . . . G B L # . E539
N1........... .'.'GBL ; . ;E 5 43 NHD0VF8; ;GBL ; ; ; E 5 5 3 NEWHDST; .GBL E5 61
NLASTEMD.GBL . . .  E578 NPAUSE.; .GBL . . .  E58F NRSTCUM. .GBL ' E5A7
NRF.LMAX. .'GBL ; ; .E 5 B 4 NCODE.; ; ;GBL ; ; ;E5C0 N RUN KEYS; GBL • • E5C3
N C A L . . . . .G B L  . . .  E5EC N FULL2.. .GB L . . .  E5 F'A NEIGTH.. ;G3L • • E63A
NONESEC;.GBL . ; ;E 6 82 NTENSEC; .GBL ; ; ;E6C7 NSTRT. ; ;  . GBL « • E6C7
NINTRPRT.GBL ; . .  E6CD N L E D S .. . .G B L  . . .E 6 D 4 NOUP.. . . .GBL E6DE
NPGCORR. .'GBL . ; . E782 n o n o u p . ; ; G B L  ; ; ;E 7A 7 nz max; ; ; . g b l • • E7BC
NMAXUP.; .  GBL . . . E8U2 NZERCUM..GBL . . . E857 NCUMUP...GBL + t E8DD
NLEQUP.'.' .'GBL ; ; ;  E8E9 NOVLERR;. 14 . ; ; E 9 0 3 NCALERR;; 14 • • E90E
NBATTLO.. 14 . . . E 9 1 9 NERRDET;. 14 ; . .  E919 N ER D ISP.. 14 • • E935
n d b l a n k ; .  14 ; ; . E 9 4 7 NLEDZER;; 14 ; ; ; E 9 5 5 NUPDATE.; 14 • • E969
N M I . . . . . .G B L  . . .E96D NOCHNGE..GBL , . .E 9 D 9 NOLOAD. .  .GBL • • E9E9
NDATOVF. .'GBL . . ;EA08 ngcomp . ; ; g b l  . ; ;  EA12 NRUNING;.GBL , ; EA41
NRUNCLR.. GBL . . .EAE3 NXTR0T1..GBL ; . . EB3F NTHREEB..GBL • • EB67
NXTROT2.' .GBL ; ; .E B 6 F NTOGL.. ;  .'GBL ; ; ;  EBF4 NDTAOVF. .GBL • • EC3F
NFULL.. . . GBL . . .E C 6 3 NRAMOVF. ;GBL . . .EC6D NSTORE.;.GBL • • ECFA
NFIDDLE.".'GBL . ; ;  ED1C NOTESC.; .'GBL ; ; .E D 5 E NCTRLS..' . GBL • • ED6C
NCTRLQ...GBL . ..ED7A NXTDIG1. .GBL . ; . EDC2 N032CR1..GBL • • EDEE
NXTDIG2.-.GBL ; : ; EDFB N032CR2;;GBL ; ; ;EE27 N032CR3; ; g b l • • EE41
NPGJMP...GBL . . . EE57 NOPAGE...GBL . . ; e e 6 i N0ENDP1 ; ; gbl EE70
N0ENDP2.' .'GBL . ; . EE86 N0ENDP3. .'GBL ; ; ; EE92 NOTNUM. ;;GBL . . EE9E
N O T P R .. . .G B L  . . .EEF3 N O T ID . . . .G B L  . . .EF27- N 0TID 1; .  ;GBL . , EF2D
NOTIT. . ' . .G B L  ; . .  EF5B NOTLG;;. '  .GBL . ; ;E F 6 D NOP END..' . GBL j * EFDC
NOBANK...GBL . . .E F FO N O P G E .. . .G B L  . . .EFFC N 0 T 6 . . ; . . G B L F020
NOT1 6 . ;  ..'GBL ; ; . F 0 3 6 NOTKDRT ; .GBL ; ; . F 0 3 E N O FL IP .; ;G B L F062
NXTHDR.. .GBL . . .  P083 NXTHDR1 . .GBL ; . .  F09F NXTLIN;. .GBL • • FOBB
C 111:

2 6  META ASSEMBLER 3 . 40A  ( C ) 1 9 8 6  A ndy  G re e n /C R A S H  BARRIER ( 0 5 2 5 ) 7 1 7 1 4 8
A.ROOT CRL 2 . 3 6  SHORT L e q  DATA AQUISITION UNIT P a g e :  8 8
NXTBYT.. .  G B L  FOBE
NOTHEX... 100  . . . .  FAE2
0FFSET4; .GBL . ; ; ; . .  BO 
0FFSE T1..G B L  . . . . . . B 3
OTHRPG.: .GBL . ; ; ; E 4 0 B  
OTEMP.. . .  10 0  . . . . F 8 E C
P 0 R T 5 . ; . ;G B L  15
P2SA VE...GBL   7F
PA RITY ...G B L  . . . . . . . 1
PAGEUP...GBL ; . . .  E7 91
P C  ; ; ;  100 106
P R O . . . . . .  100  . . . . F A C 7
rmcr. ; . ; ; g b l  ; ; ; ; . .  10
RAMPNTB. .GBL . . . . . . . 6 2
RUNBIN.;.GBL ; ; ; ; ; ; 6 6  
R X P T R .. . .G B L  . . . . . . A9
RUNBCD...GBL ; ; . . ; . C 8
RAMENDB. .GBL  ............ 1
RES . .G B L  . ; . . E 0 0 0
R0W30K...GBL . . . . E 1 E 7
RUNNING..GBL ; ; ; ; E A C E  
RAMDUMP. .GBL . . . .F O B O
R STR IN G ..100  . ; . - . F 9 F 2  
SCRATCH..GBL . . . . . . AF
SHORTLEQ.GBL ; ; ; ; ; ; 2 2  
S E L F 1 . . . .G B L  . . . . E97B
SMCUM. ; .  .GBL . ; . ;  EB1 3 
S T O R E . . . .G B L  . . . . EBFC
SSTRING. .1 0 0  . . . .  F91 C 
S P A C E 3 . . . 1 0 0  . . . .FBA5
T C S R 2 . . .’GBL F
T C S R 3 . . . .G B L  . . . . . . 1 B
TR C SR 2.; .G B L ; ; ; . ; ;  1E 
TOTALCNT.GBL . . . . . . 6 9
TXFLAG,. .GBL . ; . ; . . A 4
TXBANK. . .C-BL  . .A C
TXPBPEND.GBL BA
TOGLCNT.. GBL . . . . . : C 6  
TRYREAD.'.GBL . ' . ' . ' . 'ETDF
T O I  . G B L  E985
TENSCMP.-.GBL- . ; . ; E C r .  
T ESTPG ...G B L . . .  .F06B  
TXW T2.;; .GBL . . ; .F O E O  
TXWT5. . . .  GBL . . . . F I  24 
TXWA ITT . .  1 00 ; . ; ;  F8EE 
XREG.. . . . 1 0 0  . . . . . 1 0 4
z e r c u m ; ; ; g b l  . ; ; ; eS53
N0TASC1. .  G B L  FODC
0C R1. . . . . GBL . . . . . . . B
0FFSE T3..G B L  . ; ; . . . B 1  
ONESEC.. .GBL . . . . . . 2 4
O C I G B L  ; E983 
P0RT2DDR.GBL . . . . . . . I
P0RT6DDR.GBL 16
p e n d f l g . ; gbl . . . . . . B7
PAUSE.. . .G B L  . . . ; . . 8 4
PH A SE 2.. .G B L  . . . . E 9 9 8
PROMPT;. - .1 0 0  ; . ; ; F A 7 E  
P R1. . . ; ; .  10 0  ; . . .  FAF9 
R D R ; . ; ; ; .G B L  12
RAMPSTR;iGBL . . . . . . 6 3
RAMFULL;;GBL 73
RAMFLAG..GBL ; , . . . . AE
RAMSTRT.' .GBL ; ; ; ; .  1 40 
RESETCUM.GBL . . . . . . 4 1
R A ID K .. . .G B L  . ; ; .E O O E
RUNKEYS.. GBL . ; . .  E3B1 
R UN CON V . .  GBL . ; ; ;E B A 1  
ROTOFF...GBL . . . . F 6 E D
r e g d i s p ; . 1 0 0  ; ; ; ; F A 2 4  
STAKPTR..GBL . . . . . . DE
ST A R T .. .  .GBL . ; . .  E1 AF 
S E L F 2 . . . .G B L  . . . . E 9 7 D
SMDATA2; .GBL ; . ; ; EBB2 
S IO .  . . . .  ;G8L . .  . . ED22
s w i . ; ; ; ; ; gbl  ; . . . F B 5 E  
SPA CE2.. . 1  00  . . . ; FBA8 
T2CN T.; ; ;GBL 1D
TRCSR1 ; .  .GBL . . . . . .  11
TLOOPCNT.'GBL '4 0
TXPTR,. .  ;GBL . . . . . ;  AO
TXHFLG;.' .GBL . . • ; ; ; ; A 5  
TX.ENDPG; .GBL . . . . .  .AD
TXEPEND;;GBL ; . ; ; ; ; B B  
TENSEC.; .GBL . . . . . . 4 4
TSTO FF;; ;GBL ; ; . : E 2 D 8  
T D E L 1 . . . .G B L  . . . . E 9 D 4
TCOMPDN;;GBL . ; ; ; E C 1 8  
T E S T , . . . . G B L  ; . . ; F0B9
TXI-/T3. . ;  .GBL ; ; ; .  FOFD 
TXWT6. . .  .GBL ; ; . . F 1 3 B  
TXWAIT2 . ; 1 0 0  ; ; ; ; F8 F6 
X T E M P .. . .  100  . . . . . 1 0 C .
N0TASC2..GBL . . . . F 0 F 8  
0 C R 2 . . . . . G B L  . . . ; . .  1 9
0FFSET2;;G BL ; . . ; ; ; B 2  
OLDCAL...GBL . .  . . E 0 B 7  
o n l y i . ; ; ; g b l  . ; . ; E B 9 6
P 0 R T 2 ; . . .GBL ; . . _____3
P 0 R T 6 ; ; ; .G B L  ; ; ; ; ; ; 1 7  
P2BACK...GBL ; ; . . . . D9
PGCORR;. .GBL . . . . E 7 6 D
PGDONE...GBL . . . .EFFF
PR O M PT!;;100  ; ; ; ; FA88 
RAMP0RT5.GBL . . . . . . 1 4
RAMPNTR. .GBL 60
RAMPBSTR.GBL . . . . . . 6 5
R XB U F.. . .G B L  80
ROTCNT...GBL . . . . . .B F
ramend; ; ; g b l  ; ; ; ; eooo
RELMAX...GBL ; . . . . . 8 1
R A M C L R ;;;gb l ; ; : . E 0 C 9  
RUNTST;; ;GBL ; . . .EA33 
RCONVEND.GBL ; ; ; . EBE8 
RXWAIT1. .1 00 ; . . .  F900 
R E P R E G .; ;1 0 0  ; . ; ; F B 3 D  
SCALQF.. .GBL ; . . . . .  B1
S E T P 2 . ; ; ; G B L  ; . ; ; E 5 7 5  
SMDATA1. .GBL ; . . . E A F 4  
SMRUN.. . '  .GBL ; . . ; E B D 1  
S T A C K . . ; .  1 0 0  . . . . . 1 1 0
SPA CEl. ; ;  100 ; ; ; ;  FBAO 
TCSR1 . . . . G B L  . .  . . . . . 8
TCONR,; ; ;GBL ; ; ; ; ; . 1 C  
T D R . . . . . ; g b l  . . . . . . 1 3
TFLAG;; ; .GBL 46
T X E N D .. . .G B L  . . . ; ; ; A2
TXBYTE;;;GBL ; ; ; ; ; . ab 
TXPPEND..GBL . . . . . .B 8
TXEBPEND.GBL ; . ; ; ; . B D  
T R A P . . . . ,G B L  . . . .E O O O
TOGLT; ; ; ;GBL ; ; ; ; E 4 1 7  
TSTAUTO. .GBL ; . . . E A 1 C  
TRWAIT..' .GBL . ; ; ; E F A E  
T X W T 1.. . .G B L  ; . . . F O C O
TXWT4; ; ;  ;GBL ; ; ; . F 1 1 4  
TEM PW ;.. .  1 0 0  ; . ; . ,  10E 
WELCOME.-;GBL ; . ; ; F 7 3 8  
ZERMAX.; rGBL . . . . E 7 B 8
L a b e l s  u s e d :  481

0 META ASSEMBLER 3 . 4 0 A  ( C )  1 9 8 6  Andy G r een /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1 4 8










0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
00000000





0 0 0 0 0 0 0 0
LIST ON
;L IS T  ON ENABLES LISTING AND MAY BE USED BEFORE ONE MOD 
ULE TO PRINT THAT ONE ONLY. USE L IST  OFF TO DISABLE A 
FTER THE MODULE(S) TO BE LISTED.







"CRL 2 . 3 6  SHO 
RT L eq  DATA A 
QUISITION UNI 
T, 6303Y PROC 
ESSOR"
OFF sy m b o l  t a b l e  e n a b l e d
0
EPROM-1
1 , 0 , 0 , " 2 3 6 0 B J  s e n d  o b j e c t  c o d e  t o  d i s c
OBFORM 1 
n o  l o a d  o r  e x e c  a d d r e s s  s p e c i f i e d  
; OBSEND 6 , 2 7 6 4 , 1 2 8 , 0 , 0





6 , 2 7 6 4 , 1 2 8 , 0 ,
0
s t r a i g h t  b i n a r y  ( 1 , 0 , 0 , "  
2 3 6 0 B J " )
;F0R EPROM, STORE OBJECT CODE ON DISK USING OBSEND 1 , 0 ,  
0 ,"236OBJ"/OBFORM 2 THEN WHEN THE EPROMER SOFTWARE PRO 
MPTS FOR FILENAME, GIVE " 2 3 6 0 3 J " .  FOR PORTAL U









o r i g i n  f o r  p r o g r a m  c o d e  
r e s e t / r e s t a r t  m o d u le
c 113

2 META ASSEMBLER 3 . -UOA ( C )  1 9 8 6  A ndy  G r e en /C R A S H  BARRIER ( 0 5 2 5 )  71 71 4 8
R.RESET CRL 2 . 3 6  SHORT L e q  DATA AQUISITION U N IT, 6 3 0  P a g e :  2
R.RESET MODULE
ji t iodu le  t o  d e t e c t  w a r m / c o l d  s t a r t











0 00 0E 00 0  71 E01 4 
0000E 003
AIM 2 1 1 1 0 0 0 0 0 , RAM 
PORT5
0000E 00 3  72*101*1 
0000E 006
0 1 M 2 0 1 0 0 0 0 0 0 , RAM 
PORT5
0 0 0 0 E 00 6  8E00FF LDS # $ 0 0 FF
0000E 00 9  CE00*10 




0000E00D  A700 




0000E01 0 8C0100 CPX #$ 1 00
0000E01 3 2 6 F8 BNE RAMCLR
OOO0EO15 8 6 A8 
0 0 0 0 EO17
LDAA # * 1 0 1 0 1 0 0 0
0 0 0 0 E 0 1 7 9703 STAA PORT2
0 0 0 0 E 0 1 9 8 6 FF LDAA #2111 11 11 1
0 0 0 0 EG1 B 9701 STAA P0RT2DDR '
0000E01D  8600 LDAA #2 0 0 0 0 0 0 0 0
0 0 0 0 E01 F 971 7 STAA PORT6
0 0 0 0 E021 8 6 0 F 
0 0 0 0 E 02 3
LDAA #200001111
0 00 0E 02 3  9716 STAA PORT6DDR
0 00 0E 02 5  8602 LDAA #$ 2
0 0 0 0 E027 971C STAA TCONR
0 0 0 0 E 029 IF HD6303Y-1
0000EG29 862** LDAA # 2 0 0 1 0 0 1 0 0
0000E02B  9 7 1 0 STAA RMCR'
0000E02D  8 6 1 A LDAA # 2 0 0 0 1 1 0 1 0
0 0 0 0 E 0 2 F  9711 STAA TRCSR1
0000E031 8601 LDAA #200000001










#2 0 0 0 1 1 0 1 0  
TRCSR1
00 00 E 0 3 5  8610 LDAA # 2 0 0 0 1 0 0 0 0
0000E 037  9 7 1 B STAA TCSR3
0 00 0E 03 9  OE CL I
0000E03A CE01 *10 LDX #RAMSTRT
0 0 0 0 E03D F.F0100 STX DMPSTRT
0 0 0 0 EO*10 71FC03 AIM 2 1 1 1 1 1 1 0 0 ,  POR
0000E0*13 T2.
00 00  EO *13 FE0100 NEXT LDX DMPSTRT
s e t  s t a c k  p o i n t e r
s e t  d e c  
e  l i n e
p t  a n d  S IO  r e c ’ v
s e t  p o r t  2 f o r  o u t p u t
set
o u t
p o r t  6 f o r  i n p u t / o u t
s e t  t i m e r  
9600
2 b a u d  r a t e
C 11 M

2 META ASSEMBLER 3 . 4 0 A  (C) 1 9 8 6  A ndy  G r e e n /C R A S H  BARRIER ( 0 5 2 5 )  7 1 7 1 4 8
R.RESET CRL 2 . 3 6  SHORT L e q  DATA AQUISITION U NIT, 6 3 0  P a g e :  3
0 0 00E 04 6  8 6 FF TSLP1 LDAA #$11111111
0 0 0 0 E 0 4 8  A700 STAA o , x .............
0000E 04A  A100 CMPA 0 ,X
0000E 04C  264B BNE WRNGRAM
00 00 E 0 4E  08 INX
0 0 0 0 EO4 F 8CE000 CPX #RAMEND
0 0 0 0  EO52 26F2 BNE TSLP1
0000E 054  7C0003 INC P0RT2
0000E 05 7  CE0140 LDX #RAMSTRT
0000E05A 86FF TSLP2 LDAA # $1 11 11 11 1
0000E 05C  A700 STAA 0,X
OOOOE05E A100 CMPA 0 ,X
0 0 0 0 EO60 2637 BNE WRNGRAM
0 0 0 0 EO62 08 INX
00 00E 063  8CE000 CPX #RAMEND
Q 000E066 26F2 BNE TSLP2
0 0 0 0 E 06 8  7C0003 INC PORT 2
0000E06B  CE0140 LDX #RAMSTR?
0 0 0 0 EO6 E 86FF TSLP3 LDAA # $1 11 11 11 1
0 0 0 0 E070 A700 STAA Q.X
OO0OEO72 A100 CMPA O.X
0 00 0E 07 4  2623 BNE WRNGRAM
0 00 0E 07 6  08 INX
0000E 07 7  3CE000 CPX #RAMEND
0 0 0 0 E07A 2 6 F2 BNE TSLP3
0 0 0 0 EO7 C 7C0003 INC P0RT2
0 0 0 0 E07F CEO!40 LDX #RAMSTRT
0 0 0 0 EO82 8 6 FF TSLP4 LDAA #$1 11 11 11 1
0 0 0 0 EO84 A700 STAA 0,X
00 00  EO 86 A100 CMP A 0 ,  X
0 0 0 0 E 0 8 8  2 6 0 F BNE WRNGRAM
0000  EOS A 08 INX
0000E08B 8CE000 CPX #RAMEND
0 0 0 0 E08E 26F2 BNE T3LP4
0 0 0 0 EO90 7C0003 INC P0RT2
0000E 09 3  CEOOOO LDX # 0 0 0 0
OOOOE096 8600 LDAA #0
0 0 0 0 E 0 9 8  3F SWI
00 00 E 0 9 9  9603 WRNGRAM LDAA P0RT2
OOOOE09B 8403 ANDA #3
O000E09D 3 F SEX
0 0 0 0 E09E ' MEND
C 115
10 REM: SAVE"L.L0GGEN"
20 X=OPENOUT( "  A. ADDLOG" )
30 P R I N T " D i f f e r e n c e  i n  l e v e l s  Add
40 FOR A- 0 TO 5 .1 1  STEP 0 .0 1  
50 B-10~A : REM A«10L0G(B) 0«10 L 0 G (1 )
60 CH3+1
70 D-LOG(C)
80 E=10*D :REM E=10L0G(1+B)
90 F=10*A : REM F-10LOG(B) i e  d B ' s
100  G=E-F : REM G=1OLOG(1+B)/B
110 H=G*2560 : REM H IS  IN 0 .0 0 0 3 9 d B  MULTIPLES
120 I - I N T ( H / 2 5 6 )
125 J - I N T ( ( H - ( I * 2 5 6 ) ) + 0 . 5 )
130 PRINTTAB(9 ) ;  F ;T A B (2 4 ) ; G ,“ I , ~ J
140 BPUT# X , I




BBC BASIC PROGRAM LOGGEN: GENERATES LOOK-UP TABLE FOR LOG ADDITION OF DOSE
>RUN
D i f f e r e n c e  i n  l e v e l s Add h i  b y t e l o  b y t e
0 3 .0 1 0 2 9 9 9 6 1 E 1A
0 .1 2 :9 6 0 5 8 7 7 8 ID 9B
0 . 2 2 .9 1 1 4 5 1 1 5 1 D 1 D
0 . 3 2 .8 6 2 8 8 9 8 5 1C A1
0 . 4 2 .8 1 4 9 0 3 5 1C 26
0 . 5 2 . 7 6 7 4 9 1 5 7 1 B AD
0 . 6 2 .7 2 0 6 5 3 3 6 1 B 35
0 . 7 2 .6 7 4 3 8 8 0 5 1 A BE
0 . 8 2 .6 2 8 6 9 4 6 5 1 A 49
0 . 9 2 : 5 8 3 5 7 2 0 3 19 D6
1 2 .5 3 9 0 1 8 9 1 19 64
1 .1 2 :4 9 5 0 3 3 8 6 18 F3
1 . 2 2 .4 5 1 6 1 5 3 1 18 84
1 . 3 2 :4 0 8 7 6 1 5 4 18 16
1 . 4 2 .3 6 6 4 7 0 7 1 17 • AA
1 . 5 2 .3 2 4 7 4 0 8 1 17 3F
1 . 6 2 .2 8 3 5 6 9 7 1 16 D6
1 . 7 2 .2 4 2 9 5 5 1 5 16 6E
1 . 8 2 .2 0 2 8 9 4 7 2 16 7
1 .9 2 .1 6 3 3 8 5 9 15 A2
2 ■ 2 .1 2 4 4 2 6 0 3 15 3F
2 .1 2 .0 8 6 0 1 2 3 2 14 DC
2 . 2 2 .0 4 8 1 4 1 8 6 14 7B
2 . 3 2 .0 1 0 8 1 1 6 4 14 '  1C
2 . 4 1 . 9 7 4 0 1 8 5 13 BD
2 : 5 1 .9 3 7 7 5 9 2 13 61
2 . 6 1 .9 0 2 0 3 0 3 7 13 5
2 . 7 1 .8 6 6 8 2 8 5 2 12 AB
2 . 8 1 . 8 3 2 1 5 0 0 8 12 52
2 . 9 1 . 7 9 7 9 9 1 3 7 11 FB
3 1 .7 6 4 3 4 8 6 2 11 A5
3 .1 1 .7 3 1 2 1 7 9 6 11 50
3 . 2 1 .6 9 8 5 9 5 4 1 10 FC
3 . 3 1 .6 6 6 4 7 6 9 2 10 AA
3 . 4 1 .6 3 4 8 5 8 3 8 10 59
3 . 5 1 .6 0 3 7 3 5 5 6 10 A
3 . 6 1 .5 7 3 1 0 4 1 7 •F BB
3 . 7 1 . 5 4 2 9 5 9 8 5 F 6E
3 . 8 1 .5 1 3 2 9 8 1 6 F 22
3 .9 1 .4 8 4 1 1 4 6 1 E D7
4 1 .4 5 5 4 0 4 6 3 E 8E
4.1 1 .4 2 7 1 6 3 6 1 E 46
4 . 2 1 :3 9 9 3 8 6 8 7 D FE
4.'3 1 .3 7 2 0 6 9 6 8 D B8
4 .4 1 .3 4 5 2 0 7 2 6 D 74
4 : 5 1 .3 1 8 7 9 4 8 D 30
4 . 6 1 .2 9 2 8 2 7 4 4 C EE
4 .7 1 . 2 6 7 3 0 0 2 8 C AC
4 . 8 1 . 2 4 2 2 0 8 3 7 C 6C
4 . 9 1 .2 1 7 5 4 6 7 7 C 2D
5 ' 1 .1 9 3 3 1 0 4 8 B EF
5 .1 1 :1 6 9 4 9 4 4 8 B B2
5 . 2 1 .1 4 6 0 9 3 7 4 B 76
5 . 3 1 :1 2 3 1 0 3 2 B 3B
5 . 4 1 .1 0 0 5 1 7 7 9 B 1
5 . 5 1 .0 7 8 3 3 2 4 2 A C9
5 . 6 1 .0 5 6 5 4 2 0 1 A 91
5 . 7 1 :0 3 5 1 4 1 4 5 A 5A
5 . 8 1 . 0 1 4 1 2 5 6 6 A 24
5 . 9 0 : 9 9 3 4 8 9 5 1 7 9 EF
6 ‘ 0 .9 7 3 2 2 7 9 3 7 9 BB
6 .1 0 :9 5 3 3 3 5 8 2 9 89
6 . 2 0 . 9 3 3 8 0 8 0 7 9 9 57
6 : 3 0 . 9 1 4 6 3 9 6 3 7 9 25
C 117
BBC BASIC PROGRAM LOGGEN: GENERATES LOOK-UP TABLE FOR LOG ADDITION OF DOSE
6. 4 0 .8 9 5 8 2 5 4 2 3 8 F5
6. 5 0 .8 7 7 3 6 0 3 9 4 8 C6
6 6 0 .8 5 9 2 3 9 5 1 7 8 98
6.•7 0 . 8 4 1 4 5 7 7 6 9 8 6A
6,,8 0 .8 2 4 0 1 0 1 6 8 3D
6, 9 0 :8 0 6 8 9 1 7 2 1 8 12
7 0 .7 9 0 0 9 7 4 9 9 7 E7
7. 1 0 :7 7 3 6 2 2 5 7 8 7 BC
7 .2 0 :7 5 7 4 6 2 0 6 2 7 93
7 •3 0 .7 4 1 6 1 1 1 0 1 7 6B
7 .4 0 .7 2 6 0 6 4 8 5 5 7 43
7 •5 0 : 7 1 0 8 1 8 5 2 7 7 1C
7 ;6 0 . 6 9 5 8 6 7 3 6 6 F5
7 ;7 0 .6 8 1 2 0 6 6 2 7 6 DO
7 .8 0 :6 6 6 8 3 1 6 4 2 6 AB
7 ■9 0 . 6 5 2 7 3 7 7 5 6 87
8 0 :6 3 8 9 2 0 3 4 4 6 64
8 .1 0 .6 2 5 3 7 4 8 5 4 6 41
8 2 0 .6 1 2 0 9 6 7 5 7 6 1 F
8 3 0 .5 9 9 0 8 1 5 6 8 5 FE
8 4 0 : 5 8 6 3 2 4 8 4 5 5 DD
8 5 0 .5 7 3 8 2 2 1 9 7 5 BD
8 6 0 .5 6 1 5 6 9 2 6 6 5 9E
8 7 0 :5 4 9 5 6 1 7 5 8 5 7F
8 8 0 .5 3 7 7 9 5 4 1 3 5 61
8 9 0 :5 2 6 2 6 6 0 2 5 ✓ 43
9 0 0 .5 1 4 9 6 9 4 2 5 26
9 1 0 :5 0 3 9 0 1 5 0 4 5 A
9 2 0 .4 9 3 0 5 8 2 0 5 4 EE
9 3 0 .4 8 2 4 3 5 5 0 6 4 D3
9 4 0 . 4 7 2 0 2 9 4 4 8 4 B8
9 5 0 :4 6 1 8 3 6 1 1 5 4 9E
9 6 0 . 4 5 1 8 5 1 6 4 4 4 85
9 7 0 .4 4 2 0 7 2 2 2 4 6C
9 8 0 .4 3 2 4 9 4 0 7 4 4 53
9 9 0 .4 2 3 1 1 3 5 1 4 4 3B
10 0 .4 1 3 9 2 6 8 5 5 4 24
1 0 .1 0 : 4 0 4 9 3 0 4 9 8 4 D
1 0 . 2 0 .3 9 6 1 2 0 8 8 4 3 F6
1 0 . 3 0 :3 8 7 4 9 4 5 0 1 3 EO
1 0 .4 0 .3 7 9 0 4 7 8 9 3 3 CA
1 0 . 5 0 . 3 7 0 7 7 7 6 5 2 3 B5
1 0 :6 0 . 3 6 2 6 8 0 4 1 7 3 AO
1 0 . 7 0 . 3 5 4 7 5 2 8 8 7 3 8C
1 0 . 8 0 . 3 4 6 9 9 1 8 0 3 3 78
1 0 . 9 0 : 3 3 9 3 9 3 9 6 6 3 65
11 0 . 3 3 1 9 5 6 2 0 4 3 52
11 .1 0 .3 2 4 6 7 5 4 3 3 3F
1 1 . 2 0 .3 1 7 5 4 8 5 6 2 3 2D
1 1 . 3 0 .3 1 0 5 7 2 6 0 9 3 1B
11 .4 0 .3 0 3 7 4 4 6 1 3 ’ A
11 .5 0 :2 9 7 0 6 1 6 4 4 2 F8
11 .6 0 . 2 9 0 5 2 0 8 4 7 2 E8
11 .7 0 : 2 8 4 1 1 9 4 1 2 2 D7
11 . 8 0 .2 7 7 8 5 4 5 5 8 2 C7
1 1 . 9 0 : 2 7 1 7 2 3 5 6 8 2 B8
12 0 .2 6 5 7 2 3 7 6 1 2 A8
1 2 .1 0 :2 5 9 8 5 2 5 1 4 2 99
1 2 . 2 0 .2 5 4 1 0 7 2 2 6 2 8B
1 2 . 3 0 : 2 4 8 4 8 5 3 6 8 2 7C
1 2 .4 0 :2 4 2 9 8 4 4 4 2 6E
1 2 : 5 0 :2 3 7 6 0 1 9 8 4 2 60
1 2 . 6 0 . 2 3 2 3 3 5 5 9 7 2 53
1 2 :7 0 .2 2 7 1 8 2 9 1 4 2 46
1 2 . 8 0 .2 2 2 1 4 1 6 0 5 2 39
1 2 : 9 0 :2 1 7 2 0 9 3 8 4 2 2C
C 118
BBC BASIC PROGRAM LOGGEN:GENERATES LOOK-UP TABLE FOR LOG ADDITION OF DOSE
3 . 0 0 .2 1 2 3 8 4 0 2 6 2 20
3 .1 0 :2 0 7 6 6 3 3 1 6 2 14
3 . 2 0 .2 0 3 0 4 5 1 0 4 2 •8
3 : 3 0 . 1 9 8 5 2 7 2 5 8 1 FC
3 . 4 0 . 1 9 4 1 0 7 7 1 5 1 F1
3 . 5 0 .1 8 9 7 8 4 4 1 9 1 E6
3 . 6 0 . 1 8 5 5 5 5 3 7 6 1 DB
3 . 7 0 .1 8 1 4 1 8 6 0 1 1 DO
3 . 8 0 .1 7 7 3 7 2 1 9 1 1 C6
3 . 9 0 : 1 7 3 4 1 4 2 4 2 1 BC
4 . 0 0 :1 6 9 5 4 2 8 9 7 1 B2
4 .1 0 .1 6 5 7 5 6 3 4 1 1 A8
4 . 2 0 .1 6 2 0 5 2 7 8 4 1 9F
4 : 3 0 :1 5 8 4 3 0 4 7 6 1 96
4 .4 0 .1 5 4 8 8 7 6 9 9 1 8D
4 . 5 0 .1 5 1 4 2 2 7 7 3 1 84
4 . 6 0.1480340411 1 7B
4 . 7 0 :1 4 4 7 1 9 8 9 5 72
4 . 8 0 .1 4 1 4 7 8 7 4 7 1 6A
4 . 9 0 : 1 3 8 3 0 9 0 2 8 1 62
5 . 0 0 . 1 3 5 2 0 9 2 2 5 1 5A
5 :1 0 . 1 3 2 1 7 7 8 4 8 1 52
5 . 2 0 .1 2 9 2 1 3 4 3 1 4B
5 . 3 0 .1 2 6 3 1 4 5 3 2 1 43
5 . 4 0 . 1 2 3 4 7 9 7 5 1 3C
5 . 5 0 .1 2 0 7 0 7 7 0 2 1 ✓ 35
5 . 6 0 . 1 1 7 9 9 7 0 4 3 1 2E
5 . 7 0 .1 1 5 3 4 6 4 5 4 1 27
5 . 8 0 . 1 1 2 7 5 4 6 3 9 1 21
5 . 9 0.110220321 1 1A
6 . 0 0 . 1 0 7 7 4 2 2 6 9 1 14
6 .1 0 : 1 0 5 3 1 9 2 4 7 1 'E
6 . 2 0 .1 0 2 9 5 0 0 7 4 1 8
6 . 3 0 .1 0 0 6 3 3 5 8 4 1 2
6 .4 9 .8 3 6 8 6 2 2 4 E - 2 0 FC
6 : 5 9 . 6 1 5 4 0 9 3 7 E - 2 0 F6
6 . 6 9 . 3 9 8 8 8 7 3 1 E -2 0 F1
6 : 7 9 : 1 8 7 1 8 8 7 4 E -2 0 EB
6 . 8 8 :9 8 0 2 1 0 1 3 E - 2 0 E6
6 . 9 8 . 7 7 7 8 4 7 8 9 E - 2 0 E1
7 . 0 8 :5 7 9 9 9 9 9 5 E - 2 0 DC
7 .1 8 .3 8 6 5 6 9 4 7 E - 2 0 D7
7 : 2 8 : 1 9 7 4 5 6 6 E -2 0 D2
7 . 3 8 : 0 1 2 5 7 1 1 9 E -2 0 CD
7 .4 7 : 8 3 1 8 1 7 1 2 E -2 0 C8
7 : 5 7 . 6 5 5 1 0 4 9 9 E -2 0 C4
7 . 6 7 : 4 8 2 3 4 6 1 5 E -2 0 CO
7 : 7 7 .3 1 3 4 5 3 4 1 E-2 0 BB
7 . 8 7 .1 4 8 3 4 1 0 9 E - 2 0 B7
7 : 9 6 : 9 8 6 9 2 7 2 4 E -2 0 B3
8 . 0 6 . 8 2 9 1 2 8 4 1 E -2 0 AF
8 :1 6 . 6 7 4 8 6 7 8 7 E - 2 0 AB
8 . 2 6 : 5 2 4 0 6 4 3 9 E - 2 0 A7
8 . 3 6 .3 7 6 6 4 3 4 8 E - 2 0 A3
8 .4 6 . 2 3 2 5 2 9 8 8 E - 2 0 AO
8 . 5 6 : 0 9 1 6 5 0 5 8 E -2 0 9C
8 : 6 5 .9 5 3 9 3 4 0 4 E - 2 0 98
8 . 7 5 : 8 1 9 3 0 9 5 E -2 0 95
8 . 8 5 .6 8 7 7 0 8 4 1 E-2 0 92
8 . 9 5 .5 5 9 0 6 6 6 8 E - 2 0 8E
9 . 0 5 . 4 3 3 3 1 4 2 9 E -2 0 8B
9 :1 5 . 3 1 0 3 9 0 8 9 E - 2 0 88
9 :2 5 :1 9 0 2 3 0 9 1 E -2 0 85
9 . 3 5 . 0 7 2 7 7 3 9 9 E - 2 0 82
9 .4 4 : 9 5 7 9 5 9 8 E - 2 0 7F
9 : 5 4 . 8 4 5 7 3 0 2 2 E - 2 0 7C
C 1 1 9
BBC BASIC PROGRAM LOGGEN:GENERATES LOOK-UP TABLE FOR LOG ADDITION OF DOSE
1 9 . 6 4 . 7 3 6 0 2 7 1 2 E -2 0
1 9 . 7 4 .6 2 8 7 9 5 3 9 E - 2 0
1 9 . 8 4 .5 2 3 9 7 6 8 9 E - 2 0
1 9 . 9 4 : 4 2 1 5 2 1 7 2 E -2 0
2 0 . 0 4 . 3 2 1 3 7 4 E - 2 0
20.-1 4 . 2 2 3 4 8 5 2 9 E - 2 0
2 0 . 2 4 . 1 2 7 8 0 2 7 E - 2 0
2 0 : 3 4 : 0 3 4 2 7 7 0 5 E - 2 0
2 0 . 4 3 . 9 4 2 8 6 1 4 1 E -2 0
2 0 . 5 3 .8 5 3 5 0 7 3 4 E - 2 0
2 0 . 6 3 . 7 6 6 1 7 0 1 4 E -2 0
2 0 . 7 3 .6 8 0 8 0 4 3 7 E - 2 0
2 0 . 8 3 .5 9 7 3 6 5 3 2 E - 2 0
2 0 . 9 3 .5 1 5 8 0 9 0 3 E - 2 0
2 1 . 0 3 .4 3 6 0 9 5 2 7 E - 2 0
21 :1 3 . 3 5 8 1 8 1 5 7 E -2 0
2 1 . 2 3 : 2 8 2 0 2 9 1 8 E -2 0
21 :3 3 :2 0 7 5 9 5 6 5 E - 2 0
2 1 . 4 3 : 1 3 4 8 4 5 2 E -2 0
2 1 . 5 3 :0 6 3 7 3 8 3 5 E - 2 0
2 1 . 6 2 . 9 9 4 2 3 9 3 3 E - 2 0
2 1 . 7 2 . 9 2 6 3 1 0 1 5E -2 0
2 1 . 8 2 .8 5 9 9 1 8 7 7 E - 2 0
2 1 . 9 2 .7 9 5 0 2 8 6 9 E - 2 0
2 2 . 0 2 . 7 3 1 6 0 4 8 7 E -2 0
22J1 2 . 6 6 9 6 1 6 7 9 E -2 0
2 2 . 2 2 . 6 0 9 0 3 1 6 5 E -2 0
22:3 2 . 5 4 9 8 1 6 6 7 E -2 0
2 2 . 4 2 . 4 9 1 9 4 2 0 5 E -2 0
2 2 . 5 2 :4 3 5 3 7 6 5 E - 2 0
2 2 . 6 2 . 3 8 0 0 9 3 1 9 E -2 0
2 2 . 7 2 .3 2 6 0 6 0 0 9 E - 2 0
2 2 . 8 2 .2 7 3 2 5 0 3 7 E - 2 0
2 2 . 9 2 . 2 2 1 6 3 7 2 2 E -2 0
2 3 . 0 2 .1 7 1 1 9 3 8 1 E -2 0
2 3 :1 2 . 1 2 1 8 9 1 0 8 E -2 0
2 3 . 2 2 .0 7 3 7 0 6 6 9 E - 2 0
2 3 : 3 2 : 0 2 6 6 1 2 3 1 E-2 0
2 3 . 4 1 .9 8 0 5 8 6 3 5 E - 2 0
2 3 : 5 1 .9 3 5 6 0 2 7 2 E - 2 0
2 3 . 6 1 . 8 9 1 6 3 9 0 8 E -2 0
2 3 . 7 1 .8 4 8 6 7 2 3 3 E - 2 0
2 3 . 8 1 .8 0 6 6 7 8 6 2 E - 2 0
2 3 . 9 1 .7 6 5 6 3 6 3 5 E - 2 0
2 4 . 0 1 .7 2 5 5 2 6 1 5 E - 2 0
2 4 :1 1 .6 8 6 3 2 4 1 8 E - 2 0
2 4 . 2 1 . 6 4 8 0 1 18 E -2 0
2 4 . 3 1 :6 1 0 5 6 7 4 2 E -2 0
2 4 . 4 1 .5 7 3 9 7 3 8 9 E - 2 0
2 4 : 5 1 ."53820887E -2 0
2 4 . 6 1 .5 0 3 2 5 5 2 2 E - 2 0
2 4 . 7 1 .4 6 9 0 9 5 0 5 E - 2 0
2 4 . 8 1 .-435709E -2 0
2 4 . 9 1 .4 0 3 0 8 0 6 7 E - 2 0
2 5 : 0 1 . 3 7 1 1 9 3 6 8 E -2 0
2 5 .1 1 :3 4 0 0 2 9 3 9 E -2 0
2 5 . 2 1 .3 0 9 5 7 2 9 1 E -2 0
2 5 : 3 1 :2 7 9 8 0 6 3 5 E -2 0
2 5 . 4 1 .-250717 7 9 E -2 0
2 5 . 5 1 i 2 2 2 2 8 7 1 2 E -2 0
2 5 . 6 1 . 1 9 4 5 0 3 1 6 E -2 0
2 5 . 7 1 .1 6 7 3 4 9 5 2 E - 2 0
2 5 . 8 1 . 1 4 0 8 1 1 2 9 E -2 0
2 5 . 9 1 : 1 1 4 8 7 6 5 7 E -2 0
2 6 . 0 1 .0 8 9 5 3 1 18 E -2 0




































































BBC BASIC PROGRAM LOGGEN:GENERATES LOOK-UP TABLE FOR LOG ADDITION OF DOSE
2 6 . 2 1 . 0 4 0 5 5 3 3 E - 2 0 1B
2 6 ;  3 1 ;0 1 6 8 9 3 9 8 E - 2 0 1 A
2 6 . 4 9 .9 3 7 7 4 8 3 1 E -3 0 19
2 6 ; 5 9 . 7 1 1 7 7 9 6 5 E -3 0 19
2 6 . 6 9 . 4 9 0 9 5 9 3 5 E - 3 0 18
2 6 . 7 9 ; 2 7 5 1 5 3 2 8 E -3 0 18
2 6 . 8 9 ; 0 6 4 2 4 2 2 4 E - 3 0 17
2 6 . 9 8 . 8 5 8 1 2 1 93 E -3 0 17
2 7 . 0 8 .6 5 6 6 8 8 0 3 E - 3 0 16
2 7 .1 8 .-4 5 9 8 2 1 3 4 E -3 0 16
2 7 . 2 8 . 2 6 7 4 4 7 3 5 E - 3 0 15
2 7 . 3 8 .0 7 9 4 2 4 5 E - 3 0 15
2 7 .  n 7 .8 9 5 6 8 5 7 3 E - 3 0 14
2 7 . 5 7 - 7 1 6 1 0 4 3 9 E -3 0 14
2 7 ; 6 7 .5 4 0 6 2 8 3 1 E -3 0 13
2 7 . 7 7 . 3 6 9 1 3 8 3 E -3 0 13
2 7 . 8 7 ; 2 0 1 5 3 0 0 4 E -3 0 12
2 7 . 9 7 .0 3 7 7 2 9 0 2 E - 3 0 12
2 8 ; 0 6 .8 7 7 6 6 0 7 5 E - 3 0 12
2 8 .1 6 . 7 2 1 2 2 0 9 1 E-3 0 11
2 8 . 2 6 .5 6 8 3 5 7 3 5 E - 3 0 11
2 8 ; 3 6 . 4 1 8 9 4 3 4 1 E-3 0 10
2 8 . 4 6 ; 2 7 2 9 4 l 8 3 E - 3 0 10
2 8 . 5 6 . 1 3 0 2 5 5 7 6 E - 3 0 10
2 8 . 6 5 . 9 9 0 8 1 0 6 9 E -3 0 •F
2 8 . 7 5 . 8 5 4 5 3 2 1 2E -3 0 '  F
2 8 . 8 5 .7 2 1 3 4 5 5 4 E - 3 0 F
2 8 . 9 5 . 5 9 1 2 0 6 2 5 E -3 0 E
2 9 . 0 5 ;4 6 4 0 1 7 3 9 E - 3 0 E
2 9 .1 5 .3 3 9 7 1 1 9E -3 0 E
2 9 . 2 5 .2 1 8 2 3 7 6 4 E - 3 0 D
2 9 - 3 5 .0 9 9 5 2 7 5 4 E - 3 0 D
2 9 . 4 4 . 9 8 3 5 0 7 1 E -3 0 D
2 9 . 5 4 . 8 7 0 1 4 6 5 1 E-3 0 1 c
2 9 . 6 4 . 7 5 9 3 4 1 4 8 E - 3 0 c
2 9 . 7 4 ; 6 5 1 0 6 2 1 9E -3 0 c
2 9 . 8 4 .5 4 5 2 5 6 5 E - 3 0 c
2 9 . 9 4 . 4 4 1 8 4 2 4 4 E -3 0 B
3 0 . 0 4 .3 4 0 7 8 2 7 6 E - 3 0 B
3 0 ;  1 4 ;2 4 2 0 2 5 3 2 E - 3 0 B
3 0 . 2 4 . 1 4 5 5 0 3 0 4 E - 3 0 B
3 0 . 3 4 ;  0 5 1 1 8 6 1 4E-3 0 A
3 0 . 4 3 .9 5 9 0 1 5 0 1 E-3 0 A
3 0 ;  5 3 ;8 6 8 9 3 7 4 9 E - 3 0 A
3 0 . 6 3 . 7 8 0 9 0 8 8 8 E - 3 0 A
3 0 ;  7 3 .6 9 4 8 7 7 0 3 E - 3 0 9
3 0 . 8 3 . 6 1 0 8 1 2 1 3E -3 0 9
3 0 ;  9 3 ; 5 2 8 6 4 7 1 2 E - 3 0 9
3 1 . 0 3 . 4 4 8 3 5 9 6 7 E - 3 0 9
31 ; 1 3 .3 6 9 8 9 7 6 E - 3 0 9
3 1 . 2 3 . 2 9 3 2 2 3 6 8 E - 3 0 8
31 -3 3 ; 21828574E-3 0 8
3 1 . 4 3 . 1 4 5 0 6 1 43 E -3 0 8
3 1 . 5 3 ;0 7 3 4 8 3 7 1 E-3 0 8
3 1 . 6 3 . 0 0 3 5 5 2 5 6 E - 3 0 8
31 ;7 2 ; 9 3 5 2 0 0 9 3 E - 3 0 8
3 1 . 8 2 . 8 6 8 4 2 1 38E-3 0 7
3 1 . 9 2 . 8 0 3 1 4 68 4 E -3 0 7
3 2 . 0 2 .7 3 9 3 6 2 4 2 E - 3 0 7
3 2 ;  1 2 ;6 7 7 0 2 3 4 1 E-3 0 7
3 2 . 2 2 ; 6 1 6 1 0 7 4 6 E -3 0 7
3 2 ;  3 2 . 5 5 6 5 7 7 3 2 E - 3 0 7
3 2 . 4 2 .4 9 8 3 8 8 2 9 E - 3 0 6
3 2 ; 5 2 ; 4  4 1 5 4 0 3 6 E -3 0 6
3 2 . 6 2 . 3 8 5 9 7 3 9 3 E - 3 0 6
3 2 ;  7 2 ; 3 3 1 68 9E -3 0 6
C 121
BBC BASIC PROGRAM LOGGEN:GENERATES LOOK-UP TABLE FOR LOG ADDITION OF DOSE
3 2 . 8 2 . 2 7 8 6 1 1 0 6 E - 3 0
3 2 . 9 2 :2 2 6 7 5 5 0 2 E - 3 0
3 3 . 0 2 : 1 7609107E-3 0
3 3 .1 2 .1  2 6 5 7 4 5 2 E -3 0
3 3 . 2 2 .0 7 8 1 7 5 5 4 E - 3 0
3 3 - 3 2 :0 3 0 8 7 9 2 6 E - 3 0
3 3 .4 1 .9 8 4 6 7 0 7 6 E - 3 0
3 3 . 5 1 .9 3 9 5 0 5 3 4 E - 3 0
3 3 . 6 1 .8 9 5 3 5 3 2 E - 3 0
3 3 . 7 1 :8 5 2 2 2 9 2 4 E - 3 0
3 3 . 8 1 .8 1 0 0 7 3 8 5 E - 3 0
3 3 . 9 1 .7 6 8 8 8 7 0 4 E - 3 0
3 4 . 0 1 : 7 2 8 6 2 4 1 1 E -3 0
3 4 .1 1 . '6 8 9 2 8 5 0 4 E -3 0
3 4 . 2 1 .6 5 0 8 4 0 0 4 E - 3 0
3*1:3 1 :6 l 3 2 7 4 2 2 E - 3 0
3 4 . 4 1 .5 7 6 5 4 2 8 5 E - 3 0
3 4 : 5 1 :5 4 0 6 6 0 8 6 E - 3 0
3 4 . 6 1 :5 0 5 6 l 3 3 3 E - 3 0
3 4 . 7 1 .4 7 1 3 4 0 6 6 E - 3 0
3*1.8 1 . 4 3 7 8 4 2 8 5 E - 3 0
3*1.9 1 .4 0 5 1 1 9 9 E - 3 0
3 5 . 0 1 . 3 7 3 1 4 2 E - 3 0
3 5 :1 1 : 3 4 1 9 0 9 1 7E -3 0
3 5 . 2 1 : 3 1 1 3 4 6 8 9 E -3 0
3 5 : 3 1 : 2 8 1 51 4 7 6 E -3 0
3 5 . 4 1 . 2 5 2 3 3 8 2 9 E - 3 0
3 5 : 5 1 :2 2 3 8 4 7 2 7 E - 3 0
3 5 . 6 1 . 1 9 5 9 8 2 1 E -3 0
3 5 . 7 1 : 1 6 8 7 5 7 6 8 E -3 0
3 5 . 8 1 .1 4 2 1 7 4 0 1 E-3 0
3 5 . 9 1 : 1 1 6 1 8638E-3 0
3 6 . 0 1 .0 9 0 7 6 5 E - 3 0
3 6 .1 1 :0 6 5 9 3 9 6 6 E - 3 0
3 6 : 2 1 . 0 4 1 6 9 5 4 8 E -3 0
3 6 : 3 1 : 01798773E-3 0
3 6 :4 9 .9*1801521E-4 0
3 6 : 5 9 . 7 2 1 5 1 75 6 E -4 0
3 6 . 6 9 .5 0 0 3 8 4 3 3 E - 4 0
3 6 . 7 9 : 2 8 4 1 6 84 8 E -4 0
3 6 . 8 9 .0 7 2 8 7 0 0 2 E - 4 0
3 6 : 9 8 :8 6 6 3 3 9 9 2 E - 4 0
3 7 . 0 8 :6 6 4 5 7 8 2 E - 4 0
3 7 :1 8 .4 6 7 2 8 6 8 3 E - 4 0
3 7 . 2 8 ^ 2 7 4 6 1 4 8 1 E-4 0
3 7 . 3 8 : 0 8 6 4 1 3 1 5E -4 0
3 7 . 4 7 :9 0 2 2 3 * l7 9 E -4 0
3 7 : 5 7 :7 2 2 5 2 6 7 9 E - 4 0
3 7 : 6 7 .5 4 6 5 4 4 0 8 E - 4 0
3 7 . 7 7 374 7 3 3 6 9 E —4 0
3 7 . 8 7 : 2 0 6 9 4 6 6 l E - 4 0
3 7 : 9 7 . 0 4 2 8 8 4 8 3 E - 4 0
3 8 . 0 6 .8 8 2 5 4 8 3 3 E - 4 0
3 8 .1 6 . 7 2 5 9 3 7 1 3E -4 0
3 8 . 2 6 .5 7 2 9 0 2 2 E - 4 0
3 8 : 3 6 .4 2 3 2 9 4 5 4 E - 4 0
3 8 :4 6 . 2 7 6 9 6 5 1 4E -4 0
3 8 : 5 6 . 1 3 4 0 6 3 0 1 E-4 0
3 8 : 6 5 : 9 9 4 5 8 8 1 4E -4 0
3 8 . 7 5 .8 5 8 0 9 3 5 E - 4 0
3 8 . 8 5 . 7 2 4 7 2 8 1 1 E - 4 0
3 8 . 9 5 .5 9 4 4 9 1 96E -4 0
3 9 . 0 5 .4 6 7 2 3 6 0 4 E - 4 0
3 9 :1 5 .3 4 2 6 6 2 3 3 E - 4 0
3 9 . 2 5 . 2 2 0 9 1 9 8 5 E -4 0

























































BBC BASIC PROGRAM LOGGEN:GENERATES LOOK-UP TABLE FOR LOG ADDITION OF DOSE
3 9 . 4 4 . 9 8 6 0 7 7 5 5 E - 4 0
3 9 . 5 4 . 8 7 2 6 7 9 7 1 E-4 0
3 9 . 6 4 . 7 6 1 5 1 7 0 5 E -4 0
3 9 . 7 4 ; 6 5 3 1 8 5 6 1 E-4 0
3 9 . 8 4 . 5 4 7 3 8 7 3 6 E - 4 0
3 9 . 9 4  ^4 439733  E—4 0
4 0 : 0 4 . 3 4 2 7 9 4 4 2 E - 4 0
4 0 :1 4 :2 4 3 8 5 0 7 1 E-4 0
4 0 . 2 4 : 1 4 7 1 4 2 1 TE-4 0
4 0 . 3 4 :0 5 2 9 6 6 8 3 E - 4 0
4 0 . 4 3 .9 6 0 5 7 9 6 3 E - 4 0
4 0 : 5 3 :8 7 0 4 2 7 6 1 E-4 0
4 0 . 6 3 .7 8 2 3 6 1 7 5 E - 4 0
4 0 :7 3 : 6 9 6 3 8 2 0 5 E - 4 0
4 0 . 8 3 . 6 1 2 1 9 0 4 8 E -4 0
4 0 . 9 3 : 5 3 0 0 8 5 0 9 E - 4 0
4 1 . 0 3 . 4 4 9 7 6 7 8 3 E - 4 0
41 .1 3 : 3 7 1 2 3 8 7 1 E-4 0
4 1 . 2 3 :2 9 4 3 4 8 7 2 E - 4 0
4 1 :3 3 .2 1 9 6 9 3 9 E - 4 0
4 1 .4 3 . 1 4 6 0 8 2 1 6 E -4 0
4 1 : 5 3 :0 7 4 7 0 5 6 E - 4 0
4 1 . 6 3 .0 0 4 6 7 0 1 4E -4 0
41 .7 2 : 9 3 6 1 2 48 E -4 0
4 1 . 8 2 .8 6 9 3 6 7 6 E - 4 0
4 1 . 9 2 : 8 0 4 1 0 0 5 1 E-4 0
4 2 . 0 2 . 7 4 0 1 7 4 5 3 E -4 0
4 2 :1 2 :6 7 7 7 3 8 6 7 E - 4 0
4 2 . 2 2 . 6 1 6 7 9 2 9 2 E - 4 0
4 2 . 3 2 :5 5 7 4 8 6 3 E - 4 0
4 2 . 4 2 .4 9 9 0 7 3 7 4 E - 4 0
4 2 . 5 2 . 4 4 2 3 0 0 3 2 E - 4 0
4 2 . 6 2 : 3 8 6 7 1 8 9 9 E -4 0
4 2 . 7 2 : 3 3 2 3 2 9 7 5 E -4 0
4 2 . 8 2 . 2 7 9 1 32 6 E -4 0
4 2 : 9 2 : 2 2 7 4 2 5 5 8 E - 4 0
4 3 . 0 2 : 1 7 6 6 1 2 6 2 E -4 0
4 3 :1 2 : 1 2 7 1 4 0 76 E -4 0
4 3 . 2 2 . 0 7 8 7 1 1 9 9 E -4 0
4 3 : 3 2 : 0 3 1 3 2 6 2 9 E -4 0
4 3 .4 1 . '9 8 4 9 8 3 6 8 E -4 0
4 3 : 5 1 . 9 3 9 9 8 2 1 8E-4 0
4 3 .6 1 .8 9 5 8 7 4 7 4 E - 4 0
4 3 . 7 1 . 8 5 2 8 1 0 3 8 E -4 0
4 3 . 8 1 .8 1 0 6 4 0 1  E -4 0
4 3 . 9 1 .7 6 9 3 6 3 8 8 E -4 0
4 4 . 0 1 . 7 2 9 1 3 0 7 4 E -4 0
4 4 .1 1 . 6 8 9 7 9 1 68E -4 0
4 4 . 2 1 .6 5 1 1 9 7 6 7 E - 4 0
4 4 : 3 1 .6 1 3 6 4 6 7 5 E - 4 0
4 4 .4 1 .5 7 6 9 8 9 8 9 E -4 0
4 4 :5 1 . 5 4 1 2 2 7 1 E-4 0
4 4 . 6 1 .5 0 6 0 6 0 3 6 E -4 0
4 4 .7 1 . 4 7 1 6 3 8 6 8 E -4 0
4 4 . 8 1 .4381-11 0 7 E -4 0
4 4 . 9 1 :4 0 5 3 2 8 5 1  E-4 0
4 5 . 0 1 .3 7 3 4 4 0 0 3 E - 4 0
45 :1 1 :3 4 2 2 9 6 6 E -4 0
4 5 . 2 1 . 3 1 1 8 9 8 2 3 E -4 0
4 5 : 3 1 ; 2 8 1 9 4 6 9 E -4 0
4 5 . 4 1 :2 5 2 5 9 1 6 1  E-4 0
4 5 : 5 1 :2 2 4 2 7 9 4 E -4 0
4 5 . 6 1 : 1 9 6 4 1 42 3 E -4 0
4 5 : 7 1 :1 6 8 8 4 7 0 8 E -4 0
4 5 . 8 1 :1 4 2 4 7 2 0 3 E -4 0



























BBC BASIC PROGRAM LOGGEN:GENERATES LOOK-UP TABLE FOR LOG ADDITION OF DOSE
116.0 1 . 0 9 1 2 1 2 0 3 E -4 0
4 6 :1 1 .0 66 3 2 7 1  E-4 0
4 6 . 2 1 . 0 4 1 8 8 9 1 9E -4 0
4 6 . 3 1 : 0 1 834536E-4 0
4 6 . 4 9 .9 5 0 9 9 5 4 5 E - 5 0
4 6 . 5 9 .7 2 4 4 9 7 8 E - 5 0
4 6 : 6 9 . 5 0 2 4 7 0 4 9 E - 5 0
4 6 . 7 9 . 2 8 4 9 1 3 5 4 E -5 0
116.8 9 . 0 7 4 8 0 7 1 7 E - 5 0
116.'9 8 : 8 7 0 6 6 1 2 6 E -5 0
117-0 8 : 6 6 5 0 2 5 2 3 E - 5 0
4 7 .1 8 .4 6 9 8 2 0 0 2 E - 5 0
4 7 . 2 8 :2 7 7 5 9 5 0 4 E - 5 0
4 7 . 3 8 : 0 8 6 8 6 0 1 8 E -5 0
47:11 7 : 9 0 5 0 6 6 0 1 E -5 0
4 7 . 5 7 . 7 2 4 7 6 1 9 6 E -5 0
4 7 . 6 7 . 5 4 7 4 3 8 1 4 E -5 0
4 7 . 7 7 .3 7 9 0 5 5 0 2 E - 5 0
4 7 . 8 7 : 2 0 7 6 9 1 6 7 E -5 0
4 7 : 9 7 :0 4 3 7 7 8 9 E - 5 0
4 8 . 0 6 .8 8 4 3 3 6 4 7 E - 5 0
4 8 .1 6 . 7 2 6 3 8 4 1 6E -5 0
4 8 . 2 6 .5 7 2 9 0 2 2 E - 5 0
4 8 : 3 6 ;4 2 3 8 9 0 5 9 E - 5 0
4 8 . 4 6 : 2 7 9 3 4 9 3 3 E - 5 0
4 8 : 5 6 : 1 3 6 2 9 8 1 8E -5 0
4 8 . 6 5 : 9 9 4 7 3 7 1 5 E -5 0
4 8 . 7 5 . 8 6 0 6 2 6 7 E - 5 0
4 8 . 8 5 . 7 2 6 5 1 6 2 5 E -5 0
4 8 . 9 5 . 5 9 3 8 9 5 9 1 E-5 0
4 9 . 0 5 .4 6 8 7 2 6 1 6 E -5 0
4 9 .1 5 .3 4 3 5 5 6 4 E - 5 0
4 9 . 2 5 . 2 2 2 8 5 7 E - 5 0
4 9 . 3 5 : 1 0513783E-5 0
4 9 . 4 4 : 9 8 5 9 2 8 5 4 E -5 0
4 9 : 5 4 : 8 7 4 1 6 9 8 3 E -5 0
4 9 . 6 4 .7 6 3 9 0 1 2 3 E - 5 0
4 9 . 7 4 .6 5 3 6 3 2 6 4  E—5 0
4 9 . 8 4 .5 4 7 8 3 4 4 E - 5 0
4 9 . 9 4 .4 4 3 5 2 6 2 7 E - 5 0
5 0 . 0 4 . 3 4 3 6 8 8 4 9 E - 5 0
5 0 :1 4 :2 4 5 3 4 0 8 2 E - 5 0
5 0 . 2 4 .-1 4 6 9 9 3 1 6 E -5 0
5 0 : 3 4 . 0 5 3 1 1 5 8 4 E - 5 0
5 0 . 4 3 .9 6 0 7 2 8 6 5 E - 5 0
5 0 : 5 3 : 8698315 6 E —5 0
5 0 . 6 3 -7 8 1 9 1 4 7 1  E -5 0
5 0 : 7 3 :6 9 6 9 7 8 0 9 E - 5 0
5 0 . 8 3 - 6 1 3 5 3 1 5 9 E -5 0
5 0 : 9 3 . 5 3 0 0 8 5 0 9 E - 5 0
5 1 . 0 3 . 4 5 1 1 0 8 9 3 E -5 0



























































HO Y - 1 .0 2 3 2 9 2 9 9 2 2 :REM 1 0 * * ( 0 . 0 1 )
50 Z-LOG(Y) ' • '
60 PRINT" D i f f e r e n c e  h i  b y t e
70 PRINT" i n  l e v e l s "
80 FOR A- 128 TO 255  STEP 1
90 B =256*L 0G (A )/Z
100 I - I N T ( B / 2 5 6 )
110 J - I N T ( ( B - ( I * 2 5 6 ) ) + 0 . 5 )
120 BPUT# X , I
130 BPUT# X , J





BBC BASIC PROGRAM TIMLGEN:GENERATES LOOK-UP TABLE TO CALCULATE LOG U E T I M E
>RUN
D i f f e r e n c e  h i _ b y t e  l o _ b y t e











































































































23 2 EC 8C
233 EC BC
234 EC EC
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EVALUATION OF LOUDNESS EQUIVALENT METERS 
G J McNULTY, J HOLDING, B PLUMB, D VALLIS 
SHEFFIELD CITY POLYTECHNIC
Evaluation of Leo Meters 
Introduction
Leq meters are almost exclusively calibrated using a continuous input signal. 
This calibration only confirms that the Leq meter can measure sound pressure 
level, but tells nothing about the Leq meters ability to measure impulsive 
signals. The Health Q Safety Executive have produced a much needed draft 
standard for Leq meters which, it is expected, will form the basis of an inter­
national standard. The work presented here describes the use of a tone-burst 
generator which has been developed in order to investigate certain aspects of 
the draft standard, with reference to specific Leq measuring systems.
Tests
The type of input signal which most readily distinguishes between sound level 
meters and the different grades of Leq meters proposed in the draft standard 
is that which consists of high amplitude impulses; the maximum amplitude and 
mark:space ratio of these impulses being different for each grade of instrument. 
The output of the tone-burst generator, which has been developed in order to 
produce such impulses, consists of integral cycles of 6KIIz sinusoid with a 
variable, but pre-determined, markrspace ratio; each cycle starting and ending 
at a zero-crossing. The tone-burst generator also produces these impulses in 
the presence of a completely variable level of background signal of identical 
frequency which is phase-locked to the pulses.
A continuous sinusoidal signal at 6KHz is applied to the Leq meter to be tested, 
and the level of the input is adjusted to give a reading of approximately 10 dB 
above the bottom of the indicator range. A series of tone-bursts is then 
substituted for the continuous signal and the level of the input is increased 
to give an identical Leq. ie if the number of pulses in a given period is 
x reduced by a factor of 10, the level of the pulses must be increased by lOdB 
% to maintain the same Leq. The permissible error for different combinations of 
mark:space ratio and signal amplitude is specified in the draft standard as the 
Exchange Rate Tolerance. Although such a test does measure the exchange rate, 
it is also a measure of the instruments ability to handle impulsive signals, 
however, this is of no serious consequence since the main reason for using an 
Leq meter in place of a sound level meter is to accurately integrate high level 
transients.
A further test is specified in the draft standard which measures the maximum 
impulse which the Leq meter can measure, to within a certain tolerance of the 
error allowed by linearity tests performed using a continuous signal. This 
impulse is presented to the meter in the presence of a continuous background 
signal which is set at a level corresponding the bottom end of the dynamic
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span. The result of this test is called the Peak Factor capability and is ex­
pressed as the ratio of the peak value of the inpulse to the rms level of 
continuous background signal.
To have any confidence in the results in any of the above tests, there must be 
complete confidence in all of the testing equipment. An important part of this 
work was to conduct a thorough examination of the signal sources used and to 
consider any possible irregularities in measurements due to properties of the 
signal, or of the measuring equipment. A transient recorder was used to check 
that the tone-bursts started and stopped at zero and several spectrum analyzers 
were used to check the frequency content of the signal source.
Results
Instrument
Input Signal Mark:Space Ratio/Level
1:9/*10dB 1:99/*20dB 1:999/+30dB l:9999/+40dB
1 0.4, 0.2 7.5, 5.8 9.8
2 0.2, 0.3 0.9, 1.1 S.5, 3.5 3.8
3 0.0, 0.0 0.3, 0.3 3.4, 1.9 -, 2.7
Reference
Standard 0.2 (0.S) 0.4 (0.5) 0.6 (1.0) 1.0 (1.0)
4 0.0 0.0 0.0 0.3
5 0.0 0.0 0.0 <0.1
Fig.l Exchange Rate Error for some of the meters which were tested.
The results of the exchange rate test are shown in Fig.l. The input signal 
levels shown are relative to the continuous signal which is applied to the meter 
as the reference level. The errors shown in the table are the difference between 
the reading with the reference level applied and the reading with the specified 
mark:space ratio and level, expressed in decibels.
Initially the test was carried out using only a single cycle in the tone-burst. 
Where an instrument failed to meet a certain standard, which is shown as in the 
table, the test was repeated using a series of ten cycles in each tone-burst and 
a correspondingly larger gap between bursts. This accounts for the readings 
where two errors are given for each input signal mark:space ratio and level; the 
first reading corresponding to the single cycle test, and the second, to the ten 
cycle test.
Discussion
The five instruments whose exchange rate errors appear in Fig.l are all 
instruments which are described by their manufacturers as precision grade. 
Therefore, the reference standard included in the table corresponds to a Type 1
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peak instrument as specified by the Health 5 Safety Executive in their draft 
standard which was supplied to instrument manufacturers for a competitive 
tender. Since that time the exchange rate tolerance has been increased, and the 
current proposed tolerances are shown in brackets for comparison. It can be 
seen, however, that this does not affect the ranking.
The draft standard allows for instruments with a reduced peak factor capability. 
This restricts the range of mark:space ratios over which the instrument must 
measure and also increases the permissible error. On the basis of the above 
results, instrument no.3 may be considered as a type 1 non-peak instrument under 
both the original and the relaxed specifications, and instrument no.2 may be 
considered as marginal for type 1 non-peak under the relaxed specification only.
It is interesting to note that instruments 1-3 calculate l(Cq from a rectified 
signal, ie from sound pressure level, whereas instruments 4 and 5 calculate 
Leq directly, ie from sound pressure. Instruments 1-4 have a digital display 
ana presumably digital processing, whereas instrument 5 has an analogue display 
and analogue processing. This information suggests that optimum accuracy 
cannot be achieved by calculating Le(. from sound pressure level and contradicts 
a popularly held view that digital instruments are inherently more accurate.
Conclusion
The results of this work emphasize the great disparity between instruments 
which nominally measure the same parameter. The proposed standard is obviously 
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A METHOD OF GENERATING "SHORT LEQ"
A.D. Wallis and J.M. Holding.
Cirrus Research Ltd, 1/2 York Place, Scarborough, U.K. 
Sheffie ld  City Polytechnic, Pond S tre e t ,  S h e f f ie ld ,  U.K.
The concept of short Leq was originally developed by the LNE in France as a method of time compressing data without losing any of the basic energy information. In essence the object is to take a series of elemental Leqs one after the other with no break. The time of each elemental Leq can vary between 125mS which equates to the Fast time constant, up to an acquisition period of several minutes. In practical systems, where the number of elemental Leq are limited by storage space, the fastest acquisition rate is used consistent with the total measurement time. Table 1 shows the total measurement times for a 64K store (65536 words).
Table 1. Acquisition time 6^K storage time125mS 2hr l6minlsec 18.2hrlmin dayslOmin lyr 3mths
In any system of short Leq there are certain essential specification points to permit the system to operate to agreed international specifications such as IEC 651 and the proposed IEC Integrating Sound Level Meter standard. As, however the current proposals do not include short Leq, there are many points which need specially defining.The first and most vital part of the specification is that each elemental Leq shall individually meet at least the full specification of normal Leq. The only exception to this would be that the normal lOsec or so to allow the reading to stabilise is too long and in the design specification we have required that at the end of the elemental Leq the reading shall be within 0,ldB of the nominal "final" reading over the prime range and 0,2dB over the whole dynamic span of the unit.
xusu A n a ly s is
The second specification point is that the time between elemental Leq shall be small in relation to the Leq time. In the original concept 'lost' times of about half a millisecond were considered acceptable. However, in the current realisation lost time is down to about 20 microseconds, i.e. about 2 parts in 10^ at the fastest acquisition rate. Thus the lost data is insignificant in any practical situation.The third vital point concerns the total measuring range. If the unit is to be used over a 7 day period there are many situations where the instantaneous level will vary between the noise floor, which could be of the order of 20dBA, and levels in the low hundreds say 120dBA‘. A dynamic span of lOOdB is to say the least difficult unless auto-ranging is employed, lOOdB may not seem a vast range, but for a 50roV/Pa microphone it is a voltage range from 10 microvolts rms to yf peak to peak. If auto-ranging is used there is the classic problem of how and when to switch ranges. Clearly, with a microcomputer unit the decision is eased, but the time over which range switching occurs must be of a similar order to the dead time. However, practical sound level meters in the recent past which incorporated auto-ranging have usually not been a success usually because of settling time or computation error. In the new concept of short Leq it has been pre-supposed that auto-ranging is not acceptable and thus the present realisation has no auto-ranging. Instead 3 manual ranges are fitted each of lOOdB. While there must be many situations where this dynamic span is exceeded, there are fortunately many more where a lOOdB span is adequate.When the elemental Leq has been computed it is stored in a CMOS RAM. This is organised into 2 parts* the Leq itself and other data bits. The actual Leq which has a resolution of 0,ldB requires an 11 bit word to allow for longer dynamic spans than the current 100. Bits 12 through 16 gives a 5 bit code with 32 possibilities. The precise codes are in the main established although some of the 32 have been left undefined to allow for system extensions. At this time the 5 bit coding is not being published not only for reasons of software copywight but also for reasons of contractual agreement. However, the principles involved in the coding are of interest.Firstly one code must indicate that the reading is indeed an Leq. This way seems redundant but in fact the system can acquire other data in the environmental analyser* For example, vehicle count, temperature, humidity, windspeed in non-acoustic terms and also the peak value or an octave band level in the acoustic domain.Also, some of the 20^8 possible levels far exceed the required coding for Leq alone. If we assume a
maximum range of say OdB to l64dB, that requires 16*K) to give 0,ldB resolution leaving over ^00 to be used in complex programming for other purposes. Some high Leq codes are used where the elemental Leq may be in error and thus is not recorded. Examples of this would be a routine microphone calibration, power drop out, operating of controls during an elemental Leq etc. At this time 7 error codes are fully defined all of these replacing an Leq.Some of the other *K)0 non Leq values are assigned to test and data function which are stored while the current Leq is being calculated. For example, in one realisation of short Leq 10 parallel channels of 9 octaves plus dBA are measured at the same time. This requires special test and timing routines which are stored and coded in the 0^0 'false' Leq values.One bit of the 16 is used as an overload flag.Thus if any elemental Leq exceeds the dynamic span the Leq is scored but the overlpad is flagged and thus the software can take account of this. Other vital data which must be recorded is generated at each use of 'Pause' or even switch-on. For example, the real time is first recorded followed by a test sequence. Thus, if a handheld unit such as the CRL 2 .3 6 is in use, the operator merely has to record his physical position at each time pause or switch-on. The unit itself records the time and calibration data. This function which involves a real time clock is, like the memory, backed up by a separate battery which has a working life of over one year after the main battery is totally dis­charged. This back-up is automatically float charged from the main battery during normal use.As turning the unit off does not destroy data some means have to be provided for resetting the memory. Normally this is never done in the field and thus it is a software function which occurs only after readout of memory. However, to enable the full store to be used at any time, a keyboard routine is built into the CRL 2 .3 6  to enable reset to be achieved only by a multiple keystroke.The first long term monitor unit having short Leq, the CRL 2.40, has instead a locked hard reset. We consider that a outdoor monitor is less likely to be put to 'pause' and thus does not usually make several measurements on one reset.The next part of the chain after data acquisition is data readout and for this*an interface is required. Clearly if this can be to some defined standard this will naturally increase the number of access, units available.In 1980 Cirrus Research proposed the DP15 analogue bus and the L3M microphone input interface. Now we propose a new digital interface the DP3 7. This like the DP15 and L3M is based on a connector available
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internationally from many sources.
The CRL 2 .3 6 has the new DP37 digital bus which has already had over a years field trials. Included in the DP37 is a full RS432 type serial interface with all the standard commands together with the IEEE ^88 Purpose Interface Bus (GP1B). This allows the acquisition unit to function both as a talker/listener "on line" to a micro but when not connected to a computer system, it takes over the function of bus controller, allowing control of intelligent peripherals, Extra connections are codified for filter drive and power supply so that plug-in units can be developed to modify the acquisition function of the units. For example, one of the first new units is a ^rd octave filter which operates via the DPI5 analogue bus but can be software controlled via the DP37 digital bus in real time.The provision of both parallel and serial inter­faces may seem excessive but this is a system require­ment. The RS^32 is needed for MODEM use wich includes the use of the acquisition unit as a monitor at the end of a telephone line, If the CRL 2.40 is connected to a phone line it can be interrogated from anywhere in the world on a routine basis to output the data to a local computer and if required reset the memory for the next period’s acquisition. Imagine a city with a series of units like the CRL 2.40. Each acquiring short Leq on a 1 sec basis. Twice a day the unit is automatically interrogated by the main computer and the data dumped onto disc. The noise foot-print of a small town can be mapped on a second by second basis using very little manpower. If telephone line installation is too expensive, as would be the case for short events such as a Pop Festival, the unit can be read back by dumping down to a standard cassette recorder. Naturally this needs a visit twice a day but that is a small price to pay for the amount of data that is acquired.Software for the CRL 2 .36 and CRL 2.^ -0 is a vital part of the package and currently work is underway on using several microcomputers as the basic processor via an international operating system as well as in some machine codes,
SUMMARY
The concept of short Leq has allowed the realisation of a new generation of data acquiring sound level meters both handheld and as monitors. These units have a potential production cost far lower than current generation units together with storage capacities an order higher than current units. Raw data is time compressed into units which lose little basic information and in many cases obviate the need for tape recording noise data for subsequent analysis.
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INDUSTRIAL NOISE ASSESSMENT VIA SHORT LEQ
J.M^HoldingO) ,G. J.McNultyC1 ) , B.S.Plumb(1), A.D.Wallis(2)
(D S h eff ie ld  City Polytechnic,Pond S tree t , Sheffield S1 1WB 
(2)Cirrus Research L td . ,1/2 York Place,Scarborough Y011 2NP
The value of  Leq in a s s e s s i n g  t ime varying and, p a r t i c u l a r l y ,  
impulsive n o i s e s  l i e s  in i t s  extended in te g r a t io n  period when 
compared with the conventional sound leve l  meter responses. The 
integration period for an Leq meter i s  equal to  the  measurement 
duration. Equal weighting i s  given to a l l  noises,  independently 
of th e ir ' posit ion in the time history of the measurement. These 
properties make Leq a b e t ter  in d ica to r  than SPL when a s s e s s i n g  
hearing damage r i s k  and n o ise  nuisance due to  impuls ive  n o i se s .  
Having i d e n t i f i e d  a p o t e n t i a l l y  hazardous environment, a more 
detailed a n a l y s i s  i s  required to ensure that  e f f e c t i v e  n o ise  
control measures can be adopted.
The method chosen for th i s  detailed analysis  i s  dependent on the 
type of  n o ise  source encountered. I f  the n o ise  i s  varying,  but 
with a r e s t r i c t e d  pulse  range 'and r i s e / f a l l  t ime,  a l e v e l  
recorder can be used to generate a permanent record of the  time  
history for l a t e r  a n a ly s i s .  This a n a ly s i s  could c o n s i s t  of  
identifying the major peaks by c o r r e la t io n  with a tape recorder  
or by notes written on the trace during recording. The response 
speed /Of th e  l e v e l  r e c o r d e r  would p r e c lu d e  'any a c c u r a t e  
prediction o f  the o v e r a l l  Leq i f  a major n o ise  source were 
attenuated due to  some proposed noise  contro l  measure. I f  the  
noise i s  h i g h l y  i m p u l s i v e ,  w i t h  a l a r g e  p u l s e  r a n g e ,  an 
integrating sound l e v e l  meter with the c a p a b i l i t y  of  measuring 
sound exposure lev e l  (SEL) can be used. This allows comparison of  
the energy content of in d iv id u a l  im pulses ,  but l o s e s  the time  
history value of a leve l  recorder and may not allow separation of  
sources whose energy c o n tr ibu t io n s  overlap  in time.  Short Leq, 
orig inal ly  proposed by researchers at LNE in France, combines a l l  
the attr ibutes of an Leq meter with the analytical  cap ab i l i t ie s  
of the SLM/level recorder and SEL techniques.
Short Leq i s  generated by taking  in d iv id u a l  or e lem enta l  Leqs 
over a constant ,  pre-determined period,  and s to r in g  them for  
later analysis on a computer. The number of different  integration  
periods, the number of elemehtal Leqs which can be stored and the 
storage medium would depend on the particular instrument in use. 
At present., two b as ic  types  have been produced: one w ith  the' 
integration period set  by the instrument front panel controls and 
containing in te r n a l  memory, the other having i t s  i n t e g r a t io n  
period controlled by an external microcomputer and u t i l i s i n g  the 
mass s torage  of  the computer for r e t a i n in g  the e lem en ta l  Leqs. 
Further instruments which can be configured as in te l l ig e n t
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peripherals on a large  data a q u i s i t i o n  system are already  
proposed.
The choice of integration period for the elemental Leq depends on 
the r e s o l u t i o n  which i s  envisaged at the a n a ly s i s  s ta g e .  I f  the  
to ta l  memory ca p a c i ty  i s  not a l i m i t a t i o n ,  then the s h o r t e s t  
integration period should be chosen. For extended monitoring  
applications, the integration period need only be short enough to  
resolve the expected n o ise  sources ,  e.g.  the pass ing  of  an 
aeroplane, motor vehicle  or train. I f  however, only one important 
noise source i s  expected, and the background noise i s  s u f f i c ie n t ly  
low, the integration period need only be short enough to resolve  
the time between occurrences  of  the n o ise .  With an in te g r a t io n  
period of  10 minutes and a fa ir ly  modest store of  64K words, data 
could be aquired for in excess of one year.
An in te g r a t in g  sound l e v e l  meter i s  pr im ar i ly  intended for  
measuring im puls ive  n o ise s .  I t  i s  t h e r e fo r e  e s s e n t i a l  that  a 
short Leq a q u i s i t i o n  unit' should a c c u r a te ly  in te g r a te  a l l  
incoming s i g n a l s ,  and should not misrepresent  la r g e  impulses  
which occur on an overlap between two successive elemental Leqs. 
The time l o s t  between Leqs must be small  enough such tha t  an 
instantaneous impulse at  the upper l i m i t  of  the dypamic range,  
which overlapped two elemental periods, should not re su l t  in an 
error greater than the tolerance allowed for the elemental Leqs 
individually. The contiguous nature of the elemental Leqs i s  what 
transforms them from a s im ple  sequence of  values  to a v e r s a t i l e  
representation o f  th e  raw d a ta ,  from which  many a c o u s t i c  
parameters can be derived.
If  the e lem enta l  Leq period was c o r r e c t ly  chosen, complete  
f l e x i b i l i t y  e x i s t s  in the l a t e r  treatment of the data. The 
elemental values  can be recombined to  form an o v e r a l l  or g lob a l  
Leq for any period w ith in  the t o t a l  measurement. I f  a large  
period i s  to be represented  when a very short  e lem enta l  period  
was used during the a q u i s i t i o n ,  groups of short  Leq can be 
combined to  give  a t ime h i s t o r y  with  any d es ire d  r e s o l u t i o n  in  
time. At the a n a ly s i s  s ta g e ,  d i f f e r e n t  no ise  events  can be 
identif ied  so that their contribution to the overall  Leq, and the 
percentage of the measurement period for which each occurred, can 
be calculated.
Data from a number of a q u i s i t i o n  u n i t s  can be in s e r t e d  i n to  a 
common f i l e ,  so that concurrent data from a number of measurement positions can be processed. Possible applications of an array of  
units  inc lude i d e n t i f y i n g  and measuring t r an sm iss ion  paths ,  
quantifying the performance o f  sound ba rr ier s  or s im ply  to  
provide a convenient means of displaying multi-channel monitoring 
data.
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The a b i l i t y  to  recombine the e lem enta l  Leqs, i d e n t i f y  and 
separate various noise sources and operate on multi-channel data 
are a l l  new and powerful a n a ly s i s  t o o l s ;  they are not ,  however,  
made available at the expense of more familiar acoustic measures.
A leve l  recorder type trace can be produced which shows the time 
history of the measurement period. Such a graphic representation 
i s  o f ten  u se fu l  to  demonstrate no ise  duration and r e p e t i t i o n  
rate. Parameters which have h is to r ica l ly ,  and empirically , been 
derived from lev e l  recorder traces can also be synthesized using 
short Leq, without the need for a dedicated measuring instrument. 
The most common o f  t h e s e  are  th e  Ln v a l u e s ,  s t a t i s t i c a l '  
parameters based on the leve l  which was exceeded for n percent of 
the measurement time. A combination of  a t  l e a s t  two of  th ese  
parameters i s  u su a l ly 'u se d  to  represent  the v a r i a b i l i t y  o f  a 
particular noise environment. The f l e x i b i l i t y  of short Leq allows  
the choice of  the appropriate percentage le v e l s  to be made at the 
analysis stage, rather than having to preset instrument controls.
The re p r e se n ta t io n  o f  the energy content  of  in d iv id u a l  n o ise  
events by SEL i s  a l s o  supported by short  Leq. Since a l l  the raw 
data i s  recorded,  the exact  duration of  an event can be def ined  
with the  a id  o f  an e x a m i n a t i o n  o f  th e  t im e  h i s t o r y .  The 
definit ion  of  the t ime at which an event appears out of  the 
background and returns  back in to  i t  can be varied to  determine  
precisely what u n certa inty  e x i s t s  in the SEL. Performing t h i s  
function at the a n a ly s i s  s tage  a l lo w s  much greater  f l e x i b i l i t y  
than e i th e r  r e l y i n g  on preset  thresho lds  or on the mechanical  
pressing of buttons by an operator in real  time.
Short Leq has shown i t s e l f  to be a v e r s a t i l e  t o o l  for a c o u s t i c  
analysis.  The ex is t ing  software i s  being continually updated and 
expanded; to  run on more powerful computers with more capable  
aquisition u n i t s ,  as more of the p o t e n t ia l  of short  Leq i s  
realized. An apparently  convent ional  in te g r a t in g  sound l e v e l  meter can now be in te r fa c e d  with a popular home computer to  
provide a powerful a n a l y s i s  package at  a much lower c o s t  than 
ex ist ing  dedicated hardware.
Summary
Short Leq provides a new measurement concept which draws together  
and enhances ex is t ing  acoustic parameters rather than trying to  replace them. I t s  p r in c ip a l  value l i e s  in  the r e t e n t i o n  of  the  
raw data to' a l low f l e x i b i l i t y  a t  the a n a l y s i s  s tage .  These f a c i l i t i e s  can be incorporated into a hand-held instrument which 
can be used for short  Leq or as a s tand-a lone  instrum ent,  as  required.
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E n g la n d
INTRODUCTION j
A d v a n c e s  i n  t h e  a v a i l a b i l i t y  o f  h i g h l y  i n t e g r a t e d  c o m p u t i n g  p o w er  h a s
l e d  t o  a  d i l e m m a  i n  t h e  d e s i g n  o f  h a n d - h e l d  a c o u s t i c  i n s t r u m e n t a t i o n .  i
T h i s  a r i s e s  f ro m  t h e  d e s i g n e r  b e i n g  a b l e  t o  o f f e r  t h e  i n s t r u m e n t  u s e r  a
w id e  r a n g e  o f  m e a s u r e m e n t  o p t i o n s ,  i n c l u d i n g  a c q u i s i t i o n  o f  l a r g e
q u a n t i t i e s  o f  d a t a ,  b u t  a t  t h e  sam e t i m e  n o t  w i s h i n g  t o  c o n f u s e  t h e
u s e r  w i t h  t h e  p r e s e n t a t i o n  o r  v o lu m e  o f  d a t a .  The s i m p l e  p o l u t i o n  i s
o f  c o u r s e  t o  l e a v e  t h e  a r d u o u s  a n a l y s i s  t a s k  t o  a n  o f f i c e  o r  home
c o m p u t e r ,  w h e re  p ro g r a m m in g  p ow er  an d  s o p h i s t i c a t e d ,  m u l t i - c o l o u r
g r a p h i c s  a i d  i n  p r e s e n t a t i o n  a n d  i n t e r p r e t a t i o n .  T h e r e  a r e  p r o b l e m s ,
h o w e v e r ,  i n  t h e  t r a n s f e r  o f  d a t a  b e tw e e n  t h e  a c q u i s i t i o n  u n i t  a n d  t h e
c o m p u t e r .  T h i s  p a p e r  a d d r e s s e s  t h e s e  p r o b l e m s  i n  a n  a t t e m p t  t o
e s t a b l i s h  a n  i n t e r n a t i o n a l l y  a g r e e d  h a r d w a r e  a n d  s o f t w a r e  p r o t o c o l  f o r
d a t a  t r a n s f e r .
I n t e r f a c e  R e q u i r e m e n t s
The f u n c t i o n a l  r e q u i r e m e n t s  o f  t h e  i n t e r f a c e  d e t e r m i n e  t h e  b e s t  f o r m  o f  
i m p l e m e n t a t i o n .  C a r e  m u s t  t h e r e f o r e  be e x e r c i s e d  i n  t h e  s p e c i f i c a t i o n  
o f  t h e  p o s s i b l e  f u n c t i o n s .  C i r r u s  R e s e a r c h  h a v e  g a i n e d  much e x p e r i e n c e  
f ro m  t h e  d e s i g n  an d  u s e ,  o v e r  a  num ber  o f  y e a r s ,  o f  b o t h  t h e  L3M 
m i c r o p h o n e  i n p u t  i n t e r f a c e  a nd  t h e  DP15 a n a l o g u e  i n t e r f a c e  w h ic h  i s  
u s e d  f o r  e x t e r n a l  p l u g - i n  u n i t s .  The  v a l u e  o f  i n v e s t i n g  t i m e  i n  m a k in g  
t h e s e  i n t e r f a c e s  a s  u n i v e r s a l  a s  p o s s i b l e  h a s  a l l o w e d  e x p a n s i o n  t o  
a p p l i c a t i o n s  w h ic h  c o u l d  n o t  h a v e  b e e n  f o r e s e e n  w hen t h e  i n d i v i d u a l  
c o n n e c t o r  p i n s  w e re  a s s i g n e d .
The o r i g i n a l  r e q u i r e m e n t  was t o  t r a n s f e r  d a t a  f ro m  some a c q u i s i t i o n  
u n i t  t o  a  m i c r o c o m p u t e r  f o r  s u b s e q u e n t  a n a l y s i s .  F o r  s e c u r e  a n d  
c o n t r o l l e d  d a t a  t r a n s f e r ,  some fo rm  o f  tw o -w ay  c o m m u n i c a t i o n  i s  n e e d e d  
t o  a l l o w  a  h a n d s h a k i n g  s e q u e n c e  t o  t a k e  p l a c e .  T he  b a s i c  f o r m  o f  
i n t e r f a c e  n e e d  c o n s i s t  o f  no m ore  t h a n  a u n i - d i r e c t i o n a l  d a t a  c h a n n e l  
b e tw e e n  t h e  a c q u i s i t i o n  u n i t  an d  t h e  c o m p u t e r ,  t o g e t h e r  w i t h  a  c o u p l e  o f  
c o n t r o l  l i n e s  t o  c o n d u c t  t h e  h a n d s h a k i n g  s e q u e n c e .
To l i m i t  t h e  i n t e r f a c e  t o  t h i s  s i m p l e  i m p l e m e n t a t i o n  i s ,  h o w e v e r ,
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u n n e c e s s a r i l y  r e s t r i c t i v e .  The p r i n c i p a l  im p e t u s  w h ic h  e n c o u r a g e d  
C i r r u s  R e s e a r c h  t o  i n v e s t i g a t e  c o m m u n ic a t i o n  i n t e r f a c e s  s u i t a b l e  f o r  
i n s t r u m e n t a t i o n  s y s t e m s  w as t h e  a d v e n t  o f  t h e  a c o u s t i c  p a r a m e t e r  s h o r t  
L0 , w h ic h  i s  d e s c r i b e d  m ore  f u l l y  i n  a n  a c c o m p a n y in g  p a p e r .  I n  
e s s e n c e ,  t h e  t i m e  h i s t o r y  o f  a n  a c o u s t i c  s i g n a l  i s  d e s c r i b e d  by a  
s e r i e s  o f  L v a l u e s ,  e a c h  t a k e n  w i t h  a  s h o r t  i n t e g r a t i o n  p e r i o d ,  w h ic h  
a r e  c o n t i g u o u s  i n  t i m e .  The c o n c e p t  a l l o w s  f o r  v e r s a t i l e  a n d  p o w e r f u l  
i n t e r p r e t a t i o n  o f  t h e s e  e l e m e n t a l  L gq t o  r e v e a l  much i n f o r m a t i o n  
a b o u t  t h e  a c o u s t i c  s i g n a l ,  a n d  p o s s i b l e  r e l a t i o n s h i p s  w i t h  o t h e r  
c o n c u r r e n t  d a t a .  A c o n s e q u e n c e  o f  t h i s  i s  t h a t  a n  a c q u i s i t i o n  u n i t  
w i l l  o f t e n  c o n t a i n  many d a t a ,  p o s s i b l y  t a k e n  a t  d i f f e r e n t  t i m e s  o r  f ro m  
a  num b er  o f  d i f f e r e n t  m e a s u r i n g  p o s i t i o n s .  A v e r y  u s e f u l  f e a t u r e  t o  b e  
i n c o r p o r a t e d  i n  t h e  i n t e r f a c e  i s  t h e r e f o r e  t h e  p o s s i b i l i t y  o f  s e n d i n g  
d a t a  f ro m  t h e  c o m p u t e r  w h ic h  t h e  a c q u i s i t i o n  u n i t  c a n  i n t e r p r e t  a s  
commands t o  c o n t r o l  t h e  v o lu m e  a n d  f o r m a t  o f  t h e  Lg q d a t a  i n  t h e  
o p p o s i t e  d i r e c t i o n .
H a v i n g  e s t a b l i s h e d  t h a t  tw o -w ay  c o m m u n i c a t i o n  i s  a  d e s i r a b l e  f e a t u r e  o f
t h e  i n t e r f a c e ,  i t  i s  n e c e s s a r y  t o  d e c i d e  w h e t h e r  t h e  h a n d s h a k i n g
p r o t o c o l  s h o u l d  a l l o w  s i m u l t a n e o u s  o r  s e q u e n t i a l  e x c h a n g e  o f  d a t a ,  i n
e s t a b l i s h e d  c o m p u t e r  j a r g o n  -  f u l l - d u p l e x  o r  h a l f - d u p l e x .  T h e  1
a d v a n t a g e s  o f  f u l l - d u p l e x  b e i n g  i n c r e a s e d  t r a n s f e r  r a t e  when tw o -w ay
e x c h a n g e  i s  r e q u i r e d  a n d  e a s i e r  i n t e r r u p t i o n  when a n  e r r o n e o u s  d a t a
s t r e a m  i s  b e i n g  t r a n s m i t t e d .  T h e s e  a r e  a t t a i n e d  a t  t h e  e x p e n s e  o f  i
h a v i n g  t o  p r o v i d e  tw o  i n d e p e n d e n t  d a t a  c h a n n e l s .  A v a l u e d  j u d g e m e n t
b e tw e e n  t h e s e  a l t e r n a t i v e s  c a n  b e s t  be  made by  c o n s i d e r a t i o n  o f
s p e c i f i c  h a r d w a r e  o p t i o n s .
S e r i a l  o r  P a r a l l e l ?
Many i s s u e s  a r e  r a i s e d  by  c o n s i d e r a t i o n  o f  w h e t h e r  t h e  d a t a  t r a n s f e r  
s h o u l d  be  b i t  s e r i a l  o r  b i t  p a r a l l e l ,  h o w e v e r ,  by  c o n f i n i n g  a t t e n t i o n  
t o  t h e  n um ber  o f  d a t a  c h a n n e l s ,  o n e  s e e m s  t o  b e  s u i t e d  t o  e a c h  o f  t h e  
p o s s i b l e  a l t e r n a t i v e s .  The u s e  o f  a s e c o n d  c h a n n e l  w i t h  s e r i a l  d a t a  
e x c h a n g e  r e q u i r e s  o n l y  o n e  e x t r a  w i r e ,  w h e r e a s  w i t h  b i t  p a r a l l e l  
t r a n s f e r  t h e  n um ber  o f  e x t r a  w i r e s  i s  e q u a l  t o  w i d t h  o f  t h e  b y t e ,  
t y p i c a l l y  8 - b i t .  I t  i s  no  a c c i d e n t ,  t h e r e f o r e ,  t h a t  t h e s e  c o r r e s p o n d  
t o  v e r s i o n s  o f  t h e  tw o  m o s t  p o p u l a r  an d  com m only  i m p l e m e n t e d  i n t e r f a c e  
s t a n d a r d s :  RS232C and  IEEEH88.
The RS232C i n t e r f a c e  s t a n d a r d  d e f i n e s  a  nu m ber  o f  s i g n a l  l i n e s  b u t  no 
c o n n e c t o r .  By common u s e ,  t h e  DP25 c o n n e c t o r  w o rk s  a s  a n  e f f e c t i v e  
s t a n d a r d .  M o s t  o f  t h e  25 p i n s  a r e  a s s i g n e d ,  b u t  few  a r e  u s u a l l y  u s e d  
i n  p r a c t i c e .  T h i s  a r i s e s  f ro m  t h e  o r i g i n  o f  t h e  RS232C s y s t e m ,  w h ic h  
was d e v e l o p e d  t o  e n a b l e  d a t a  t r a n s f e r  b e t w e e n  d e v i c e s  v i a  some 
c o m m u n ic a t io n  e q u i p m e n t ,  t y p i c a l l y  a  p a i r  o f  modems t o g e t h e r  w i t h  a  
t e l e p h o n e  l i n e .  RS232C d e f i n e s  how t h e  d e v i c e  i n t e r f a c e s  w i t h  t h e  
c o m m u n ic a t io n  e q u i p m e n t ,  h o w e v e r  d i r e c t  c o n n e c t i o n  i s  n o t  e n v i s a g e d .
T h e  o f t e n  u s e d  d i r e c t  c o n n e c t i o n  m u s t  t h e r e f o r e  g l o s s  o v e r  t h i s  
i n c o n s i s t e n c y  w i t h  t h e  s t a n d a r d .  T h i s  i s  u s u a l l y  a c h i e v e d  by  s i m p l y  
i g n o r i n g  many o f  t h e  a v a i l a b l e  s i g n a l  l i n e s .  U se  o f  RS232C t y p e  
i n t e r f a c e s  do e n a b l e  s i m p l e ,  r e l i a b l e  c o m m u n i c a t i o n  l i n k s  o v e r  
r e l a t i v e l y  l o n g  d i s t a n c e ,  i n c l u d i n g ,  o f  c o u r s e ,  v i a  modems a n d  
t e l e p h o n e  l i n e s .
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The IEEE*J88, i n  c o n t r a s t ,  i s  p r i m a r i l y  d e s i g n e d  f o r  l o c a l  c o m m u n i c a t i o n  
w i t h i n  i n t e l l i g e n t  i n s t r u m e n t a t i o n  s y s t e m s .  I f  t h e  s y s t e m  i s  
r e s t r i c t e d  t o  a  c o n t r o l l e r ,  t h e  c o m p u t e r ,  a n d  o n e  p e r i p h e r a l ,  t h e  
a c q u i s i t i o n  u n i t ,  t h e n  t h e  maximum s e p a r a t i o n  i s  2 m e t r e s .  T he  
l i m i t a t i o n  o n  c a b l e  l e n g t h  a n d  t h e  s p e c i f i c a t i o n  o f  l i n e  d r i v e  
c a p a b i l i t i e s  e n s u r e s  t h a t  IEEE*l88 s y s t e m  c a n  be  u s e d  f o r  e x t r e m e l y  h i g h  
d a t a  r a t e s ,  up  t o  1 M b y te  p e r  s e c o n d .  The IEEEH88 s t a n d a r d  d o e s  
s p e c i f y  a  s t a c k a b l e ,  2 ^ - p i n  c o n n e c t o r ,  h o w e v e r ,  t h e  s i t u a t i o n  h a s  b e e n  
c o n f u s e d  by t h e  i s s u i n g  o f  a n  a l m o s t  i d e n t i c a l  IEC s t a n d a r d  w h ic h  
s p e c i f i e s  a  2 5 - p i n  D - t y p e  c o n n e c t o r .  T he  u s e  o f  a  3 - w i r e  h a n d s h a k i n g  
p r o t o c o l  c o n t r o l s  w h i c h e v e r  o f  t h e  i n s t r u m e n t s  i s  p u t t i n g  d a t a  o n t o  t h e  
common 8 - b i t  b u s ,  e a c h  i n s t r u m e n t  h a v i n g  a  u n i q u e  a d d r e s s  c o d e  t o  
e n a b l e  i t  t o  d i s t i n g u i s h  w h ic h  o f  t h e  d a t a  o n  t h e  b u s  a r e  i n t e n d e d  f o r  
i t .  T h e  s y s t e m  m u s t  c o n t a i n  a  s i n g l e  c o n t r o l l e r  w h ic h  i s  u s u a l l y  
p r o g r a m m a b le  a n d  o f t e n  a  m i c r o c o m p u t e r .  I n  t h e  c o n t e x t  o f  a c o u s t i c  
i n s t r u m e n t a t i o n ,  a  c o m p l e t e  s y s t e m  m i g h t  c o m p r i s e  s e v e r a l  a c q u i s i t i o n  
u n i t s  t r a n s f e r r i n g  d a t a  p e r i o d i c a l l y  t o  a c e n t r a l  c o m p u t e r .  An 
a l t e r n a t e  s y s t e m  c o u l d  h a v e  t h e  a c q u i s i t i o n  u n i t  a c t i n g  a s  s y s t e m  
c o n t r o l l e r ,  s u p e r v i s i n g  a  nu m ber  o f  p e r i p h e r a l s  w h ic h  m i g h t  i n c l u d e  a  
m i c r o p h o n e  m u l t i p l e x e r ,  a f i l t e r  u n i t  o r  e v e n  o t h e r  f o r m s  o f  
e n v i r o n m e n t a l  m o n i t o r i n g .
The m a j o r  d i s a d v a n t a g e  o f  t h e  IEEEH88 s y s t e m  i s  t h a t  o f  t h e  c a b l e  
l e n g t h  r e s t r i c t i o n .  A b u s  e x t e n d e r ,  w h ic h  c o n v e r t s  f r o m  p a r a l l e l  t o  
s e r i a l  a n d  v i c e  v e r s a ,  c a n  b e  u s e d  w h e re  l o n g  d i s t a n c e  c o m m u n i c a t i o n  i s  
e s s e n t i a l .  S u c h  a  s o l u t i o n  i s  o n l y  v i a b l e  w h e r e  a  h e a v y  c o m m itm e n t  t o  
t h e  IEEE488 s y s t e m  h a s  a l r e a d y  b e e n  m ade, a n d  t h e  a d d e d  c o m p l e x i t y  o f  
t h e  b u s  e x t e n d e r s  c a n  b e  j u s t i f i e d .  '
T he  DP37 S o l u t i o n
The p r o p o s e d  DP37 d i g i t a l  i n t e r f a c e  a im s  t o  d raw  t o g e t h e r  t h e  u s e f u l  
f e a t u r e s  o f  b o t h  t h e  RS232C an d  IEEE^88 s y s t e m s .  To e n s u r e  c o m p l e t e  
c o m p a t i b i l i t y  w i t h  a l l  IEEE*l88 s y s t e m s ,  a l l  o f  t h e  2*1 d e f i n e d  p i n s  n e e d  
t o  b e  im p le m e n te d .  F o r  t h e  r e a s o n s  o u t l i n e d  e a r l i e r ,  o n l y  a  f u r t h e r  5 
o r  6 p i n s  n e e d  t o  be  r e s e r v e d  t o  e n s u r e  c o m p a t i b i l i t y  w i t h  a  m a j o r i t y  
o f  RS232C t y p e  i n t e r f a c e s .  T h i s  l e a v e s  s u f f i c i e n t  p i n s  f r e e  f o r  
d u p l i c a t i o n  o f  t h e  s t a n d a r d  p ow er  s u p p l y  v o l t a g e s  a n d  o t h e r  s i g n a l s  
w h ic h  h a v e  p r o v e d  u s e f u l  o n  t h e  DP15 a n a l o g u e  i n t e r f a c e .
The DP37 u s e s  a n  i n t e r n a t i o n a l l y  a v a i l a b l e ,  m u l t i - s o u r c e d  c o n n e c t o r .  
D i f f e r e n t  c a b l e s  c a n  b e  u s e d  t o  a d a p t  t o  w h i c h e v e r  o f  tw o  s t a n d a r d  
i n t e r f a c e s  i s  m o s t  a p p r o p r i a t e  f o r  t h e  s y s t e m  i n  u s e .  A l t h o u g h  t h e  DP37
i n t e r f a c e  i s  f u l l y  s p e c i f i e d ,  i t  i s  n o t  e x p e c t e d  t h a t  e v e r y  i n s t r u m e n t
w h ic h  h a s  a  DP37 c o n n e c t o r  s u p p o r t s  a l l  t h e  p o s s i b l e  i n t e r f a c e  
f u n c t i o n s .  F o r  e x a m p l e ,  a  b a s i c  i n s t r u m e n t  m i g h t  b e  a  h a n d - h e l d  
a c q u i s i t i o n  u n i t .  The b a s i c  u n i t  s i z e  i s  l i t t l e  m o re  t h a n  t h e  w i d t h  o f  
t h e  c o n n e c t o r  a n d  t h e  i n t e r f a c e  i s  o n l y  c a p a b l e  o f  s e r i a l  t r a n s f e r  o f  
i t s  memory c o n t e n t s  u p o n  r e q u e s t .  M ore s o p h i s t i c a t e d  u n i t s  c a n  f o r m  
p a r t  o f  a  d i s t r i b u t e d  i n s t r u m e n t a t i o n  s y s t e m  w h o se  t a s k  w o u l d  c u r r e n t l y  
be p e r f o r m e d  by a n  e n v i r o n m e n t a l  n o i s e  a n a l y s e r .  The a d v a n t a g e  o f  a
d i s t r i b u t e d  s y s t e m  i s  t h e  d e s i g n  f l e x i b i l i t y  a n d  e a s e  o f  s y s t e m
e x t e n s i o n  an d  u p g r a d e .
The d a t a  f o r m a t s  w h ic h  h a v e  a l r e a d y  b e e n  u s e d  w i t h  t h e  DP37 i n t e r f a c e
a r e  a l s o  i n t e n d e d  t o  b e  f l e x i b l e .  The s e r i a l  t r a n s f e r  i s  a c c o m p l i s h e d  
u s i n g  t h e  a s y n c h r o n o u s  s e r i a l  p r o t o c o l  o f  1 s t a r t  b i t ,  8 d a t a  b i t s ,  1 
p a r i t y  b i t  ( e v e n )  a n d  1 s t o p  b i t .  A l l  t h e  commands s e n t  t o  t h e  
a c q u i s i t i o n  u n i t  h a v e  s o  f a r  b e e n  i n  ASCII c o d e ,  an  e x t e n s i v e  l i s t  o f  
commands a l r e a d y  e x i s t .  The 8 - b i t  d a t a  f o r m a t  a l l o w s  r e s p o n s e  i n  
A S C II ,  w h ic h  e a s e s  t h e  f o r m a t t i n g  t a s k  o f  t h e  c o m p u t e r ,  o r  i n  b i n a r y .  
The b i n a r y  o p t i o n  i s  u s e d  w h e r e  l a r g e  d a t a  b l o c k s  a r e  t o  be 
t r a n s f e r r e d .  T he  p a r a l l e l  t r a n s f e r  u s i n g  t h e  IEEE^88 co m p o n e n t  o f  t h e  
i n t e r f a c e  i s  n a t u r a l l y  8 - b i t ,  w h ic h  t h e r e f o r e  c a n  a l s o  be  i n  ASCII o r  
b i n a r y .  D i f f e r e n t  commands a r e  u s e d  t o  e l i c i t  t h e  tw o  f o r m a t s  o f  d a t a .  
A l t h o u g h  s i n g l e  b y t e  p a r i t y  c h e c k s  a r e  p e r f o r m e d  on t h e  s e r i a l  d a t a  no  
a t t e m p t  h a s  b e e n  made t o  p e r f o r m  p a r i t y  c h e c k s  a c r o s s  b l o c k s  o f  d a t a ,  
e g  by c h e c k s u m s .  T h i s  i s  b e c a u s e  s u c h  a  r e q u i r e m e n t  w o u ld  
u n n e c e s s a r i l y  i n c r e a s e  t h e  c o m p u t i n g  r e q u i r e m e n t  o f  t h e  a c q u i s i t i o n  
u n i t .  We h a v e  n o t  e x p e r i e n c e d  a n y  p r o b l e m s  a s  a  r e s u l t  o f  n o t  
i n c l u d i n g  s u c h  a  f e a t u r e .
T h e  L i m i t s  o f  I m a g i n a t i o n
I n  sum m ary , t h e  p u r p o s e  o f  t h e  DP37 d i g i t a l  i n t e r f a c e  i s  t o  p r o v i d e  a  
v e r s a t i l e  s y s t e m  f o r  t r a n s f e r r i n g  d a t a  f ro m  t h e  i n c r e a s i n g l y  p o w e r f u l  
a c q u i s i t i o n  u n i t s  t o  m i c r o c o m p u t e r  s y s t e m s  w h ic h  o p e r a t e  s o p h i s t i c a t e d  
a n a l y s i s  p a c k a g e s .  A m a j o r  o b j e c t i v e  w as  t o  e n s u r e  t h a t  t h e  
s p e c i f i c a t i o n  o f  t h e  i n t e r f a c e  d i d  n o t  l i m i t  i t s  f u t u r e  u s e .
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E n g l a n d
M o s t  s c i e n t i s t s  a n d  e n g i n e e r s  w i l l  b e  f a m i l i a r  w i t h  t h e  u s e  
o f  s p e c i a l i s t  c o m p u t e r  p a c k a g e s  t o  p r o c e s s  a n d  a n a l y z e  l a r g e  
v o l u m e s  o f  d a t a .  T h i s  p a p e r  o f f e r s  som e  o b s e r v a t i o n s  a b o u t  t h e  
u s e  o f  c o n v e n t i o n a l  a c o u s t i c  m e a s u r i n g  h a r d w a r e  i n  c o n j u n c t i o n  
w i t h  d a t a  p r o c e s s i n g  s o f t w a r e  p a c k a g e s .
PROBLEMS OF COMPUTERS
A c o m p u t e r  a t  t h e  e n d  o f  a n  a c o u s t i c  s i g n a l  p r o c e s s i n g  
c h a i n  r e p l i c a t e s  t h e  f u n c t i o n  n o r m a l l y  p e r f o r m e d  b y  t h e  m e t e r .
T h e  r e s o l u t i o n  o f  t h e  d i s p l a y  u n i t  s h o u l d  b e  c o n s i s t e n t  w i t h  
t h e  t o l e r a n c e s  o n  t h e  d a t a .  U se  o f  c l e v e r  s o f t w a r e  s h o u l d  n o t  
d e t r a c t  f r o m  t h e  a c o u s t i c  a c c u r a c y .  A s a n  e x a m p l e ,  c l a i m s  h a v e  
b e e n  m ad e  f o r  0 . 1  dB r e s o l u t i o n  o v e r  a  6 0  dB s p a n  w h e n  e m p l o y i n g  
a n  8 - b i t  a n a l o g u e  t o  d i g i t a l  c o n v e r t e r .  T h e  d i f f e r i n g  y
p r e s e n t a t i o n s  o f  a n a l o g u e ,  d i g i t a l  a n d  c o m p u t e r - b a s e d  d i s p l a y s  
a r e  a l l  t h e  s a m e  t h i n g  -  m a n - m a c h i n e  i n t e r f a c e s .  I f  t h e  d a t a  
p r e s e n t  i n  t h e  c o m p u t e r  h a v e  a  g a u s s i a n  d i s t r i b u t i o n ,  a  
c o m b i n a t i o n  o f  s u c h  d a t a  w o u l d  s t a t i s t i c a l l y  y i e l d  a  r e s u l t  o f  
g r e a t e r  a c c u r a c y  t h a n  t h e  b a s i c  d a t a .  A f t e r  c o m b i n i n g  m any  
S h o r t  Le g ,  t h e  a p p a r e n t  r e s o l u t i o n  i s  g r e a t e r  t h a n  t h a t  o f  e a c h  
i n d i v i d u a l  s a m p l e .  T h e  s e p a r a t e  s a m p l e s  m u s t  t h e r e f o r e  b e  t o  
t h e  f u l l  a c c u r a c y  o r  t h e  r e s o l u t i o n  i s  m e a n i n g l e s s .  T h i s  i s  
e v i d e n t  s i n c e  a l t h o u g h  s u c h  r e s o l u t i o n  i m p r o v e m e n t  w o u l d  b e  
c o r r e c t l y  g a i n e d  f o r  b a c k g r o u n d  n o i s e s ,  m a n y  i n d u s t r i a l  a n d  
e n v i r o n m e n t a l  n o i s e  n u i s a n c e s  a r e  i m p u l s i v e ,  o r  a t  l e a s t  
i n t e r m i t t e n t .
DATA DISPLAY
T h e  g r e a t  v a l u e  o f  a n a l o g u e  d a t a  p r e s e n t a t i o n  i s  t h a t  i t  
c a n  sh o w  i m p o r t a n t  i n f o r m a t i o n  a b o u t  t r e n d s .  D i g i t a l  p r e s e n ­
t a t i o n  i s ,  h o w e v e r ,  m uch  b e t t e r  f o r  s t e a d y - s t a t e  s i g n a l s  a s  
t h e  r e a d i n g s  c a n  b e  r e s o l v e d  b e t t e r  b y  h u m a n s .  C o m p u t e r  d i s p l a y s
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c a n  u t i l i z e  t h e  a d v a n t a g e s  o f  b o t h ,  b u t  s o f t w a r e  e r r o r s  c a n  
e a s i l y  d e v a l u e  t h e  d i s p l a y .  F o r  e x a m p l e ,  t h e  u s e  o f  m o n i t o r s  
w i t h  d i f f e r e n t  n u m b e r s  o f  p i x e l s  c a n  c a u s e  p r o b l e m s  i f  t h e  s c r e e n  
d i s p l a y  i s  a d d r e s s e d  d i r e c t l y .  A g o o d  d e s i g n  g o a l  i s  t o  h a v e  
e a s i l y  t r a n s p o r t a b l e  s o f t w a r e .  S u c h  s o f t w a r e  s h o u l d  e i t h e r  
o v e r c o m e  t h e s e  d i f f i c u l t i e s  o r  i n d i c a t e  p o s s i b l e  l i m i t a t i o n s .
E v e n  t h e  v e r y  s i m p l e s t  c o m p u t e r s  c a n  a l s o  r e c o m b i n e  S h o r t  Le g  
t o  g i v e  a n y  a c o u s t i c  i n d e x ,  w i t h i n  t h e  l i m i t a t i o n  o f  t h e  a c q u i r e d  
d a t a ,  a n d  c a n  e a s i l y  c o p e  w i t h  d a t a  f r o m  s e v e r a l  s o u r c e s .  T h i s  
m a k e s  i t  p o s s i b l e  t o  c a l c u l a t e  a n d  d i s p l a y  d i f f e r e n c e s  i n  s p a c e ,  
t i m e  a n d  f r e q u e n c y  o r ,  g i v e n  t h r e e  m i c r o p h o n e s ,  p l o t  p r o b a b l e  
n o i s e  s o u r c e s .
FREQUENCY ANALYSIS
S i m p l e  s i g n a l  p r o c e s s i n g ,  t o g e t h e r  w i t h  a  s i m p l e  c o m p u t e r  
c a n  s i m u l a t e  a  d i g i t a l  f i l t e r  i n  q u a s i  r e a l - t i m e .  S e m i - c o n d u c t o r  
m a n u f a c t u r e r s  o f f e r  s p e c i a l i z e d  i n t e g r a t e d  c i r c u i t s  w h i c h  a l l o w  
t h e  c o n s t r u c t i o n  o f  a  n u m b e r  o f  p a r a l l e l  c h a n n e l s .  I f  t h e  FAST 
rm s  t i m e  c o n s t a n t  i s  a p p l i e d ,  m i c r o s e c o n d  d i f f e r e n c e s  w i l l  o c c u r  
w h i c h  w i l l  l e a d  t o  m i n i m a l  e r r o r s .  U pon l o g a r i t h m i c  c o n v e r s i o n  
o f  t h e  rm s  s i g n a l ,  a  50  dB d y n a m i c  r a n g e  c a n  b e  a c h i e v e d  u s i n g  
a  9 - b i t  c o n v e r t e r  t o  y i e l d  0 . 1  dB r e s o l u t i o n .  T h e  g a m e s  p o r t  
o f  a  s i m p l e  c o m p u t e r  u s u a l l y  h a s  a n  8 - b i t  c o n v e r s i o n  a c c u r a c y  -  
t h i s  w o u l d  g i v e  0 . 2  dB r e s o l u t i o n .  S u c h  d e v e l o p m e n t s  e n a b l e  t h e  
r a p i d  g e n e r a t i o n  a n d  s y n t h e s i s  o f  new  i n d i c e s .  A c o m b i n a t i o n  
o f  t h e  63  H z ,  1 2 5  Hz a n d  2 5 0  Hz o c t a v e - b a n d s  c a n  b e  u s e d  t o  
a s s e s s  n o i s e  n u i s a n c e  f r o m  d i s c o s .  T h e  t r a n s m i s s i o n  
c h a r a c t e r i s t i c s  o f  b u i l d i n g s  c a n  b e  s i m u l a t e d  t o  w o r n  s y s t e m  
c o n t r o l l e r s  o r  l i m i t  t h e  l e v e l .  R e a l i s t i c  a s s e s s m e n t  o f  t h e  
n u i s a n c e  d u e  t o  i n d u s t r i a l  n o i s e  o r  r o c k  f e s t i v a l s  i s  f a c i l i t a t e d  
i n  a  w ay  w h i c h  w a s  n o t  p r e v i o u s l y  p o s s i b l e .
TIME HISTORY '
D e s k  t o p  a n d  home c o m p u t e r s  a r e  g e n e r a l l y  p r o g r a m m e d  i n  a  
h i g h - l e v e l  l a n g u a g e .  T h i s  o f t e n  h a s  t h e  e f f e c t  o f  c o m p l i c a t i n g  
i n p u t / o u t p u t  p r o c e s s e s .  T h e  n e t  r e s u l t  o f  t h i s  i s  t h a t  t h e  
c o n t r o l  o f  d a t a  a c q u i s i t i o n  t h r o u g h  i t s  i n p u t  p o r t s  i s  a t  " a r m s  
l e n g t h "  a n d  n e c e s s a r i l y  h a s  p o o r  r e s o l u t i o n  i n  t i m e .  Some 
c o m p u t e r s  h a v e  t h e  a b i l i t y  t o  i n c l u d e  m a c h i n e  c o d e  s u b r o u t i n e s  
w i t h i n  h i g h - l e v e l  l a n g u a g e  p r o g r a m s ,  b u t  f o r  e a s e  o f  s o f t w a r e  
p o r t a b i l i t y ,  r e l i a n c e  o n  e x t e r n a l  h a r d w a r e  f o r  s i g n a l  
c o n d i t i o n i n g  a n d  d a t a  c a p u t r e  i s  m o r e  p r o f i t a b l e .  E x p e r i e n c e  
h a s  s h o w n  t h a t  w h e n  t h e  a c q u i s i t i o n  i s  c o n t r o l l e d  d i r e c t l y  b y  
t h e  c o m p u t e r ,  a  m in im u m  r e s o l u t i o n  o f  a b o u t  o n e  s e c o n d  i s  
c o n s i s t e n t  w i t h  a m p l i t u d e  r e s o l u t i o n  n o r m a l l y  r e q u i r e d .
T h e  a d v e n t  o f  i n s t r u m e n t s  w h i c h  c a n  a c q u i r e  S h o r t  Le q  d a t a  
h a s  p r o v i d e d  a n  i d e a l  c o m p l e m e n t  f o r  t h e  m o d e r n  d e s k t o p  a n d  
hom e c o m p u t e r .  D e d i c a t e d  h a r d w a r e  c a n  p r o v i d e  t h e  o p t i m u m  
a c c u r a c y  i n  b o t h  a m p l i t u d e  a n d  t i m e  r e s o l u t i o n .  S t a n d a r d s  a r e  
a l r e a d y  i n  e x i s t e n c e  w h i c h  s p e c i f y  t h e  d y n a m i c ,  t i m e - a v e r a g i n g  
c a p a b i l i t i e s  a n d  t h e  p r e - s e t  m e a s u r e m e n t  t i m e  r e s o l u t i o n
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r e q u i r e d  o f  s u c h  i n s t r u m e n t s .  T h i s  h i g h l i g h t s  t h e  m a j o r  
d i f f i c u l t y  i n  m a k i n g  c o m p a r i s o n s  b e t w e e n  r e s u l t s  p r o d u c e d  f r o m  
d i f f e r e n t  s o f t w a r e  p a c k a g e s ;  t h e r e  i s  n o  s t a n d a r d  f o r  p e r f o r m a n c e .  
T h e r e  s h o u l d  b e  n o  d e g r a d a t i o n  o f  t h e  d a t a  d u r i n g  t r a n s f e r  i n t o  
t h e  c o m p u t e r .  T h e  s o f t w a r e  p a c k a g e  s h o u l d  t h e r e f o r e  r e c o g n i z e  
t h e  r e s o l u t i o n  o f  t h e  d a t a  p r e s e n t e d  t o  i t ,  a n d  n o t  a l l o w  t h e  
u s e r  t o  a s c r i b e  u n r e a l i s t i c  a c c u r a c y  t o  a n y  d e r i v e d  r e s u l t s .  A 
s a m p l e  o u t p u t  f r o m  a  t y p i c a l  s o f t w a r e  p a c k a g e  i s  sh o w n  i n  
F i g u r e  1 .
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FIGURE 1: Sample Output from Typical Software Package
T h e  e m p l o y m e n t  o f  t h e  S h o r t  L e g  m e t h o d o l o g y ,  w i t h  i t s  
c o n s t a n t  m e a s u r e m e n t  i n t e r v a l ,  a l l o w s  g r a p h i c a l  a n d  t a b u l a t e d  
p r e s e n t a t i o n  o f  t h e  t i m e  h i s t o r y  w i t h  t h e  d a t a  c o m b i n e d  i n  a n y  
m u l t i p l e  o f  t h e  e l e m e n t a l  p e r i o d .  T h i s  a l l o w s  t h e  s o f t w a r e  t f s e r  
t o  c o n c e n t r a t e  o n  e i t h e r  e x t r e m e  o f  t i m e  r e s o l u t i o n .  When t h e  
d a t a  a r e  c o m b i n e d  i n t o  l a r g e  m u l t i p l e s  o f  t h e  e l e m e n t a l  p e r i o d ,  
l o n g - t e r m  t r e n d s  c a n  b e  o b s e r v e d  w i t h o u t  d i s t r a c t i o n  f r o m  f i n e  
d e t a i l .  L o w e r  m u l t i p l e s ,  dow n t o  t h e  e l e m e n t a l  p e r i o d  i t s e l f ,  
e n a b l e  e x a m i n a t i o n  o f  t h i s  f i n e  d e t a i l .  T h i s  i s  e x t r e m e l y  u s e f u l  
i n  a t t e m p t i n g  t o  i d e n t i f y  w h i c h  o f  a  n u m b e r  o f  p o s s i b l e  s o u r c e s ,  
e a c h  w i t h  a  r e c o g n i z a b l e  s i g n a t u r e ,  i s  p r o v i d i n g  t h e  m a j o r  
c o n t r i b u t i o n  t o  t h e  o v e r a l l  m e a s u r e d  l e v e l .
E a r l i e r  r e f e r e n c e  w a s  m a d e  t o  t h e  e a s e  w i t h  w h i c h  c o m p u t e r s  
c a n  c o m b i n e  a n d  a n a l y z e  d a t a  f r o m  a  n u m b e r  o f  s o u r c e s .  T h e  
a d d i t i o n a l  d a t a  w h i c h  i s  a f f o r d e d  b y  a  m u l t i - c h a n n e l  s y s t e m  
e n h a n c e s  t h e  a b i l i t y  o f  s o f t w a r e  t o  i d e n t i f y  s o u r c e s ,  t h o u g h  
t h e r e  i s  a  n a t u r a l  l i m i t  o n  t h e  l o c a l i z a t i o n  p o s s i b l e ,  d e t e r m i n e d  
b y  t h e  e l e m e n t a l  S h o r t  L e g  p e r i o d .  U t i l i z a t i o n  c a n  a l s o  b e  m a d e  
o f  t h e  v a l u e  o f  t h e  m u l t i - c h a n n e l  f a c i l i t y  i n  r e a d i l y  a s s e s s i n g  
t r a n s m i s s i o n  l o s s  f r o m  a c o u s t i c  s o u r c e  t o  a  n u m b e r  o f  o b s e r v a t i o n  
l o c a t i o n s .  T h i s  i s  p a r t i c u l a r l y  u s e f u l  w h e r e  t h e r e  i s  a  
r e s t r i c t i o n  o n  t h e  a v a i l a b l e  t i m e  f o r  a c q u i s i t i o n .  F o r  i n s t a n c e ,  
w h e r e  t h e  s o u r c e  b e i n g  a n a l y z e d  i s  o f  a  t r a n s i e n t  n a t u r e ,  d a t a
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obtained from a series of sequential tests may contain masking 
which arises from usual experimental variation. Simultaneous 
data capture overcomes this problem, there being the added 
advantage of alignment of measured data by the software through 
a synchronizing signal such as a starting pistol shot.
SUMMARY
A number of software packages have been evaluated. 
Attention has been drawn to the necessary precautions to be 
taken before placing reliance on processed data from computers. 
The available software packages are extremely powerful analysis 
tools, enabled varied presentation in terms of time history, 
the Ln values and Leg. T^e calculated values can be determined 
from any subset within the total measurement period, and at 
least one package can calculate the above in the octave bands.
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INTRODUCTION
Over the past decade there has been a 
continuing discussion as to the performance 
characteristics required of integrating sound level 
meters. Discussion has centred on quantifying the 
limits and tolerances of important parameters, 
however, a significant portion of the debate has been 
concerned with testing methodology and its relevance 
to practical acoustics. The aim of this paper is to 
review the various procedures which have been pro­
posed for evaluating the transient response of 
instruments, and to report on developments in 
instrumentation required for such evaluation.
TRANSIENT RESPONSE
The acceptable performance of acoustic 
instrumentation is often a compromise between 
practical requirements and technical feasibility.
With integrating sound level meters, the current 
differences are small. There is fairly general 
agreement as to whether a specific instrument meets 
the acceptable standard, but divergence as to how the 
evaluation should be performed. For the steady-state 
testing, which is highly derived from conventional 
sound level meter standards, only the numbers are 
subject to debate. It is in the testing of dynamic 
behaviour or transient response where the divergence 
occurs.
Multi-cycle Testing
The use of tonebursts of integral cycles of 
sinewaves is accepted in IEC 804 as being an 
appropriate method of determining the linearity of 
the instrument outside the display range. The duty 
factor and tone burst duration are chosen to allow 
on scale readings to be taken without causing 
limitations due to the pulse range.
The pulse range, as defined in IEC 804, is 
determined by superimposing an in-phase tone burst 
on to a low level signal. The amplitude of the 
fixed frequency tone burst and its duration are 
varied in order to investigate the dynamic perform­
ance. A minimum pulse range is specified for each 
grade of instrument. This quantifies the ratio of 
the peak of the tone burst to the rms value of the 
low level background over which the instrument will 
integrate within given tolerances. The expectation 
is normally that the tolerance will only be 
approached at the higher peak levels, but the 
variation in tone burst amplitude allows investi­
gation of mid-range non-linearities.
The use of the low level background performs a 
couple of useful functions. It provides a defined 
signal during the tone bursts "off" period, giving 
a minimum signal to noise ratio for the signal 
generator. Secondly, it provides what can arguably 
be described as a realistic representation of an 




The use of single-cycle sine bursts of various 
frequencies to evaluate the "dynamic frequency 
wHghtlnq" was central to several drafts of the 
American National Standard for integrating sound 
level meters. As the frequency of the sinusoid is 
varied, the effective toneburst duration also varies. 
The instrument's response is most easily determined 
if it measures and displays sound exposure level.
The reading on sound exposure level is stable after 
the single cycle has been applied. The actual meter 
rending is compared with a calculated value of 
sound exposure level which is based on both signal 
amplitude and frequency. If the instrument does not 
display sound exposure level, the calculation of 
theoretical meter reading is further complicated by 
having to compensate for the measurement duration.
In addition, if the instrument has no provision for 
short term, fixed-period measurement, the meter 
rending will be falling constantly after the 
application of the Impulse. The meter reading 
during the IEC 804 pulse factor test is also time 
variant, but as the input is repetitive the reading 
converges to a specific value.
The relevance of single-cycle sine bursts to 
the majority of acoustic signals is questionable.
Low frequency single-cycles are reasonable 
simulations of shock waves, but a larger number of 
industrial noises are repetitive with considerable 
mid-frequency energy.
There is an argument that a single-cycle sine 
burst is a more efficient signal for stimulating the 
transient response than a multi-cycle tone burst.
This could lead to the adoption of a dc step input 
as signal source, with tKe Impulse Response Function 
as the sole arbiter of acceptable dynamic performance. 
This may have interesting possibilities, but is even 
more difficult to relate to practical sound sources.
Independently, however, of any technical 
discussion as to the relative merits of these or any 
other evaluation methods, an international standard 
is now in existence. It is hoped that this can be 
universally accepted so as to remove the uncertain­
ties about required performance which have existed 
since the construction of the first dedicated 
integrating sound level meter. Future debate on the 
testing of integrating sound level meters would most 
profitably centre on the tolerances of the various 
tests, with a view to the issuing of a future revised 
IEC 804.
PRACTICAL IMPLEMENTATION
The authors have had experience over the last 
eight years in the design and use of instrumentation 
specifically designed for evaluating the transient 
performance of integrating sound level meters. The 
equipment which has been used has always had 
capabilities in excess of the performance required 
of the instruments, but the precise effect of short­
comings in the signal source is not fully understood. 
For example, whilst conducting a multi-cycle tone 
burst test as per IEC 804, the signal source was 
intentionally adjusted so as to start and stop at 
other than zero crossing. The resulting spectrum 
was virtually indistinguishable from that of the 
correctly adjusted waveform, the extra steps adding 
little to the already broadband spectrum. The 
instrument under test gave identifical readings with 
both signals, within normal experimental uncertainty.
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In a current exercise to further upgrade our 
existing tenting facility, n number of commercial 
signal generators have been examined. Recognizing 
the role which computer assisted tenting has to 
play, this included "intelligent'* instrumentation 
designed for use via the IEEE 400 interface bus.
One particular example, a programmable waveform 
generator, with the facility of remotely setting 
sinusoidal tone bursts with integral number of 
cycles, starting and stopping at zero crossing, 
with the ability to generate ISO preferred 
frequencies to 1 part in 10 , could only manage a 
signal to noise ratio of 62 dB and produced a less 
than orderly completion of the tone burst sequence.
Attention has therefore focussed on the 
development of specialized signal sources "in house". 
An interface has been constructed which allows 
control over nlqnal level and frequency, tone burst 
duration and level of in-phase background signal 
for IEC 004 tests. Additional provision includes 
the facility for automatic logging of instrument 
performance, particularly of the latest generation 
of instruments which have the DP37 - digital 
acoustic interface.
The necessary software development to accompany 
this programmable hardware has resulted in a pseudo­
language which enables quick setting up of a 
particular test schedule. Some knowledge of 
structured programming is all that is needed to 
modify the parameters which are passed to the 
procedures.
SUMMARY
The two commonly used methods of determining tha 
ability of an integrating sound level meter to 
measure accurately impulsive signals have been 
discussed. It is suggested that, as the two methods 
would not result in significantly different 
instrumentation, the duality of evaluation 
procedures is avoided and the existing IEC 804 is 
universally adopted.
Attention has been drawn to the lack of 
quantified specification for signal sources. This 
has led to the development of dedicated hardware 
and software to aid in instrument evaluation.
